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Director: Leonard Broberg
The shortgrass prairie region in Montana was defined and described, including a 
discussion of the characteristics of the shortgrass prairie on public lands in Montana. The 
exploitative activities here were discussed and the threats to ecosystem health were 
outlined.
A management plan (The Montana High Plains Ecosystem Recovery Plan) was devised 
for Montana's public prairie lands for the ultimate goal of ensuring the support of viable 
wildlife populations and protecting and restoring the biodiversity of the region. A core 
reserve area was proposed comprised of roadless public lands in and around the Charles 
M. Russell National Wildlife Refuge that are nearly contiguous and may serve as a reserve 
for viable wildlife populations.
The proposed core reserve served as a test area to determine whether the proposed High 
Plains Ecosystem Recovery Plan protects areas suitably large to sustain minimum viable 
populations of low-density, wide-ranging mammals. The species tested. Bison bison and 
Felis concolor, are the largest native plains herbivore and a top level carnivore respectively.
This thesis should serve as a basis for discussion of land management options in the 
region and as an indication of what is necessary to restore and preserve land to support at 
least the majority of native wildlife species for this biome type.
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FOREWORD
Conservation biology differs from most other biological sciences in one important 
way: it is often a crisis discipline. In crisis disciplines, one must act before 
knowing all the facts; crisis disciplines are thus a mixture of science and art, and 
their pursuit require intuition as well as information.
— Michael Soulé
The following thesis is an exercise in conservation biology, public land 
management, political science, law, and environmental advocacy. This combination, while 
initially seeming to be disconnected, is in fact at the heart of most conservation strategies. 
The "science" of protecting biodiversity and ecosystems can never be fully removed from 
the political and legal forums in which we must work.
The intent of this thesis is to devise a management plan for the public lands of 
Montana's High Plains for the purpose of ensuring viable wildlife populations and 
protecting the biodiversity of the shortgrass prairie biome. In attempting to manage these 
lands for viable populations, I have proposed a visionary, though politically feasible, plan 
for Montana's public prairie lands. Working within the present political mechanisms for 
public land management, and devising some new management strategies of my own, I have 
identified large roadless areas that qualify for protection under the Wilderness Act of 1964 
and have proposed a series of land-use recommendations to protect the land and attempt to 
recreate conditions before human over-exploiialion.
I begin with a discussion of the shortgrass prairie biome, its range, and the historic 
species associated with it. I then outline the characteristics of the shortgrass prairie on 
public land in Montana, describing the current exploitative activities on it and the threats to 
its health. Finally I outline my land management plan complete with the benefits of the plan 
and the means to implement it.
I have identified one major core area of roadless public lands around the Charles M. 
Russell National Wildlife Refuge that are contiguous and therefore can serve as a reserve 
for viable wildlife populations. Large blocks of contiguous lands are necessary to support 
the large number of individuals needed for a minimum viable population. The population 
viability analysis section of this thesis will comprise a series of tests to determine whether 
this core area is suitably large (under optimal management practices) to sustain minimum 
viable populations of bison and mountain lions, the largest native plains herbivore and a top 
level carnivore respectively.
It is my hope that this plan will not only serve as a basis for discussion of land 
management options, but will also serve as an indication of what is necessary if we truly 
intend to restore and preserve land to support at least the majority of native wildlife species 
for each biome type. In this thesis I have employed the scientific method as much as 
possible, gathering information from people well versed in conservation biology, policy, 
economics, and law. There is without a doubt a biodiversity crisis in the prairie, and I 
believe it is necessary to implement an ecosystem management plan as soon as possible. 
While more scientific study is always preferable to less, we cannot allow further delays in 
protecting and restoring ecosystems waiting for more information while the biodiversity of 
the earth is disappearing at an alarming rate.
INTRODUCTION
In the quest to preserve and restore the wildlands of America, one ecosystem has 
been consistently overlooked — the Great Plains. While areas like the Northern Rockies 
contain a near full array of native biodiversity, however tenuous, the Plains have lost much 
of the plant and animal diversity that previously defined the region. The land which once 
provided habitat for gray wolves {Canis lupus), grizzly bears {Ursus arctos), 50 million 
pronghorn antelope (Antilocapra americana), black-footed ferrets [Mustela nigripes), 60 to 
70 million bison (Bison bison), and an estimated 5 billion prairie dogs (Cynomys spp.) is 
now a patchwork of farms and ranches. Most of Montana east of the Rocky Mountain 
Front is in the part of the Great Plains known as the shortgrass prairie biome, and has been 
subjected to the same fragmentation and exploitation as the mixed grass and tallgrass 
regions. The more arid shortgrass prairie of Montana is the subject of this protection plan.
Since the beginning of European settlement in the shortgrass prairie, or High 
Plains, in the 19th Century, the landscape has been transformed from a sea of native 
shortgrass and mixed grass, comprised of such species as buffalo grass (Buchloe 
dactyloides), blue grama (Bouteloua gracilis), and western wheatgrass (Agropyron 
smithii), to farms planted in Eurasian cultivars, and ranches full of cattle or sheep, which 
have replaced (bison) or now compete with (pronghorn, deer, elk) native ungulates. 
Predators such as the wolf, grizzly, black-footed ferret, and swift fox (Vulpes velox) have 
been either intentionally or inadvertently exterminated from the land. Fires, which once 
swept across the shortgrass prairie periodically, have been suppressed, further unsettling 
the fragile balance made possible by the flora, fauna, and natural processes. Without an 
opportunity to draw on the Ogallala aquifer, farmers and ranchers in this region are 
dependent on actual rainfall or diverting stream flows for irrigation. Thus most farming is 
dryland, and most streams are dammed for stock ponds or crop irrigation.
3
The cattle boom of the 1800s brought disaster to the High Plains. Overgrazing 
continued throughout the next century and still continues today. Countless acres of range 
have been overgrazed and perhaps permanently destroyed. Still, because the shortgrass 
prairie was never considered attractive for farming in the way tallgrass and mixed prairies 
were, the shortgrass prairie is less altered than the other two prairie systems (Brown 1985). 
Most of it still supports large areas of uncultivated vegetation. The native perennial grasses 
persist, and in some cases, even dominate (Brown 1985). Nevertheless, native ecosystem 
components have become shockingly rare, and it will take extensive and intensive efforts to 
restore plant and animal diversity to the region.
In addition, many wildlands have been irreparably damaged in the development of 
oil, gas, and other resources. With the encouragement of the Bureau of Land Management, 
the drilling continues. Also, numerous claims have been filed for potential hardrock 
mining operations, including the process of cyanide heap leach mining, a method of 
extracting mere ounces of gold from tons of earth and rock.
Frank and Deborah Popper of Rutgers University have cataloged data that indicate 
that the High Plains, as an intensively farmed and ranched region, is not viable within the 
integrated national economic system (Matthews 1992). People are leaving this region 
steadily, and whole areas and towns have been abandoned. Bob Scott of Hamilton, 
Montana, has advocated the creation of what he calls "The Big Open," a huge wildlife 
range out of about 15,000 square miles of eastern Montana that would become home to 
75,000 bison, 150,000 deer, 40,000 elk, and 40,000 antelope. The time is ripe for 
restoration for the High Plains, not only to preserve biodiversity, but to preserve economic 
diversity.
The Wilderness Preservation System has so far failed to protect the shortgrass 
prairie as is evident in the lack of anything more than museum showpieces of preserved 
prairie lands. Current thought in conservation biology, however, is that ecosystem 
integrity is dependent upon having a habitat base large enough to sustain ecological
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processes and biodiversity. An intact ecosystem requires enough protected land to sustain 
minimum viable populations of native flora and fauna. Thus, to begin to restore this 
overlooked bioregion, I am proposing a recovery plan for the public lands of the shortgrass 
prairie of Montana. The purpose of this plan is to commence in the restoration of a nearly 
devastated ecosystem by implementing optimal land management strategies. I am dealing 
with public land management practices because it is land that belongs to all of us, because 
there are large contiguous roadless areas on public land that may support viable wildlife 
populations, and because it is easier to change public land policy than private land 
practices. Restoring a healthy ecosystem on public lands is the simplest way to do the most 
good.
Much work has been done in the last several years in "ecosystem recovery," some 
of it valid, some just political rhetoric. The majority of plans deal with mountainous 
regions with large tracts of roadless land; but in order to represent a full range of 
biodiversity in all ecosystem types, we also need to plan for shortgrass prairie recovery.
No one has taken a detailed look at the full range of public lands in the High Plains of 
Montana to determine the best way to establish a shortgrass prairie reserve on public lands 
to support viable native wildlife populations.
This plan involves finding relatively unimpacted reserves for protection and 
identifiable corridors of genetic exchange between those cores, and identifying degraded 
areas of ecological importance and determining the steps needed to recover these. Science 
must be used in the process of selecting and managing landscape-sized reserves; reserves 
should not be based solely on aesthetic or recreational criteria. Goals for managing 
ecosystems should be, as conservation biologist Reed Noss (1992) states, "comprehensive 
and idealistic so that conservation programs have a vision toward which to strive over the 
decades."
The Shortgrass Prairie
The grasslands, the largest biome in North America (Shelford 1963), were 
originally formed from sediment washed out of the Rocky Mountains over millions of 
years, mixed with debris from the continental glaciers and deposits of silt, sand, and clay 
blown by the wind (Chadwick 1993). Once the bed of a massive but shallow inland sea, 
the Great Plains now extend in a gende slope downward from the Rocky Mountains to the 
Mississippi Valley, some 800 miles to the East (Chadwick 1993). The Rockies continue 
to play the defining role in the character of the prairie, intercepting the westerly flow of 
moist air from the Pacific and placing the plains in a rain shadow that favors the 
predominance of grasses over trees (Chadwick 1993). The Omemik (1987) ecoregion 
classification outlines a 650,0(X) square mile area of contiguous grassland in the 
midcontinental United States (Figure 1).
The lands closest to the Rockies -- the shortgrass prairie — are generally the driest, 
receiving as little as 10 inches of rainfall in a year (Benyus 1989). Further east, the mixed 
grass prairies emerge coincidental with the lessened effects of the rainshadow, usually 
receiving 20 to 30 inches of annual rainfall. The easternmost third of the Great Plains 
receives over 30 inches of rain a year, and is characterized by the tall grasses. Together, 
the three distinct belts of prairie form the greatest grasslands on Earth, often referred to as 
the "American Serengeti."
The shortgrass prairie, also known as the High Plains, is the most arid of the 
midcontinental grasslands (Brown 1985) and is dominated by the most drought resistant of 
prairie grasses — buffalo grass and blue grama. While its eastern edge is defined by a 
curving and irregular transition zone of mixed grass prairie, the western border is 
definitively marked by the Rocky Mountains. The range ecologist H.L. Shantz argued in 
1923 that the shortgrass prairie was distinct because of its different soil characteristics, but 
the shortgrass prairie is also distinguishable as an area where the plants use all available 
moisture before the end of the growing season (Brown 1985). This causes the grasses to
6
go into a dormant state during the late summer. The shortgrass prairie in the United States 
occupies the eastern three-quarters of Montana, eastern Wyoming, eastern Colorado, 
western Kansas, the Oklahoma panhandle, northern Texas, and eastern New Mexico 
(Figure 1). The state of Montana contains the largest tract of shortgrass prairie in the 
United States and can serve as a model for High Plains protection. Montana also is key to 
the protection of shortgrass prairie because it contains the only large contiguous tracts of 
this ecosystem type under public land management.
No American alive today can give a first hand account of the natural, healthy state 
of the shortgrass prairie of Montana. This ecosystem was sacrificed for rapid growth and 
the perceived need for Western settlement As Douglas Chadwick (1993) states, "in the 
westward rush, people failed to save even one fully representative community of the native 
plants and animals that defined the core of the continent. To see thriving grasslands full of 
great beasts, Americans go on safari in Africa." However, from past accounts and the few 
undisturbed shortgrass prairie remnants, a picture emerges of its remarkable capability for 
biodiversity (Appendix 1).
The dominant grasses of the shortgrass prairie are blue grama and buffalo grass 
(Shelford 1963), although dozens of varieties of short and mixed grasses are historically 
found here. Though only several inches tall, the shortgrasses have long, fibrous roots 
which may grow several feet (Brown 1985). This structure makes them well adapted to 
drought as well as grazing. Additionally, while most plants grow from their tips, 
shortgrasses grow from their base, so that when animals clip off the tops, they will 
continue to grow out (Benyus 1989). Buffalo grass is aptly named not only because the 
animals seem to prefer it, but it also is well suited to recolonizing the bisons' wallows 
(Brown 1985). Needle-and-thread {Stipa comata) and Indian grass {Sorghastrum nutans) 
are also common on the shortgrass prairie.
In addition to the grasses, an assortment of forbs (broadleafed herbs) and shrubs 
can be found on the shortgrass prairie. Forbs generally grow deep taproots and occupy a
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different niche than the shallower rooted grasses. Red false mallow (Sidalcea oregano), 
purple loco iOxytropis splendens), western wallflower {Erysimum capitatum), and 
curlycup gum weed {Grindelia squarrosa) are a few of the more typical shortgrass prairie 
forbs. One of the most common shrubs on the shortgrass prairie is the fringed sage 
{Artemesiafrigida), which generally increases on overgrazed rangelands (Brown 1985). 
Prairie shrubs conserve water the way that many desert plants do: they are light-colored and 
coated with a wax or dew-trapping hairs (Benyus 1989). Cacti are also commonly found 
among the shortgrasses; succulents such as the prickly pear {Opuntia polyacantha) are 
successful at storing their moisture. Lynn Jacobs (1991) describes the natural state of the 
grasslands:
"prairie-type grassland. ..usually contains an average of 125-150 plant species.
Here one fmds many different grasses and flowering plants. Perennial forbs are 
widespread» especially members of the sunflower and legume families. Annuals 
typically comprise less than 5% of plant species. Thick stands of bushes and trees 
commonly line drainages, and woody plants, cacti and other 'desert' vegetation 
[also occur]."
The healthy shortgrass prairie potentially holds a surprising number and diversity of
animals as well. At the time of Lewis and Clark's journey through the Missouri River
country, the Montana prairie hosted great herds of bison, pronghorn, elk, and bighorn
sheep. Grizzly bears and gray wolves roamed the prairie in search of food.
Along the Missouri and the waters which flow into it, cotton woods and willows 
are frequent in the bottoms and islands; but the upland is almost entirely without 
timber, and consists of large prairies or plains the boundaries of which the eye 
cannot reach. The grass is generally short on these immense natural pastures, 
which in the proper season are decorated with blossoms and flowers of various 
colours. The views from the hills are interesting and grand. Wide extended plains 
with their hills and vales, stretching away in lessening wavy ridges, until by their 
distance they fade from the sight; large rivers and streams in their rapid course, 
winding in various meanders; groves of cotton wood and willow along the waters 
intersecting the landscape in different directions, dividing them into various forms, 
at length appearing like dark clouds and sinking in the horizon; these enlivened with 
the buffaloe, elk, deer, and other animals which in vast numbers feed upon the 
plains or pursue their prey are the prominent objects, which compose the extensive 
prospects presented to the view and strike the attention of the beholder...There are 
also roads and paths made by the buffalo; some of the buffalo roads are at least ten 
feet wide...We also saw 25 wolves in one gang or pack.
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—Patrick Gass on the Lewis and Clark Expedition, summer 1805 (Gass 1958)
As usual, we saw a great quantity of game today: buffalo, elk, goats or antelopes 
feeding in every direction. We kill whatever we wish...the country is as yesterday 
beautiful in the extreme.
—Meriwether Lewis, May 1805
Prairie dog colonies, often hundreds of thousands of acres in size, served as a 
center for wildlife. More than one hundred species of vertebrates may live in or near prairie 
dog mounds (Chadwick 1993) (Appendix 2). This association is vital in understanding the 
importance of these prairie dog towns and how they once were the keystone of the 
shortgrass prairie. Wolves, coyotes, and badgers prey on prairie dogs; the black-footed 
ferret relies on prairie dogs for 95% of its food. Burrowing owls and prairie rattlesnakes 
use dog burrows for their homes. Constant pruning of the grasses by the prairie dogs 
spurs nutritious shoots that draw pronghorn and once attracted bison (Chadwick 1993).
The closely grazed areas draw birds like meadowlarks and lark buntings searching for 
insects. The underground tunnels help aerate the soil and ease the flow of water to grass 
roots; the fine soil also teems with nematodes and microscopic protozoans and fungi that 
supply nutrients to the plant roots. Many of these links have been broken apart with the 
introduction of cattle grazing, mining, drilling, ORV use, overhunting and other 
exploitative operations to the High Plains, and an astonishing loss of biodiversity is the 
result (Brown 1985).
Yet the opportunity for recovery on the public lands of Montana are great The 
National Wildlife Refuges and the Bureau of Land Management Lands may provide enough 
habitat to begin to restore the High Plains of Montana to its former health.
Figure 1
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MONTANA’S PUBLIC PRAIRIE & THREATS TO THE HIGH PLAINS
Montana's Public Lands in the Shortgrass Prairie
Of the 8,082,530 acres of Bureau of Land Management land in Montana (Sierra 
Club 1992), roughly 6.8 million acres are east of the Continental Divide in the vast 
shortgrass prairie and managed by the Lewistown and Miles City ELM Districts (see 
Figure 2, back pocket). This ELM land, along with several National Wildlife Refuges 
(Charles M. Russell, UL Eend, Eowdoin, Medicine Lake, and others) comprising over 1 
million acres, belongs to all citizens. Montana's wild prairie contains a diverse landscape 
ranging from the deep canyons and sheer sandstone walls of the famous Missouri Breaks 
country to the endless views of the gently rolling shortgrass bluffs. Scenic rivers, forested 
coulees, lakes, badlands, and island mountain ranges house geological wonders and a 
remarkable diversity of plant and animal species.
Montana's High Plains public lands are home to a great number of rare, sensitive, 
threatened, and endangered plants and animals (Appendix 3). Many predators lead a 
tenuous existence in the High Plains: the black-footed ferret (Mustela nigripes) the rarest 
mammal in North America, has recently been reintroduced to the UL Eend Wildlife Refuge; 
the swift fox (Vulpes velox) and least weasel (Mustela nivalis)^ a candidate species for 
federal Endangered Species Act listing and a Montana species of special concern 
respectively, are dependent upon the existence of the black-tailed prairie dog (Cynomys 
ludovicianus), an animal also under special concern status in the prairie; even the federally 
endangered gray wolf (Canis lupus) has been spotted on ELM land near Cow Creek 
(Cunningham 1995, per. comm.). Two ungulates, the Audubon bighorn sheep (Ovis 
canadensis) and the Manitoban Elk (Cervus elaphus) are now extinct and have been 
replaced by the Rocky Mountain subspecies, whose populations are far from stable and 
viable on the plains. The public lands of Montana's High Plains support populations of
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other rare mammals such as wolverines {Gulo gulo), hoary marmots (Marmota caligata), 
lynx {Felis lynx), and bison {Bison bison).
Several threatened and endangered bird species reside yearlong or seasonally on 
these public lands. The mountain plover {Charadrius montanus), which is dependent upon 
prairie dog towns for its survival, is in danger of becoming extinct. Rivers such as the 
Missouri, Yellowstone, Powder, and Musselshell provide habitat for the threatened bald 
eagle {Haliaeetus leucocephalus) for spring and fall migrations as well as for nesting. The 
least tern {Stema albifrons) is known to nest on graveled islands associated with major 
rivers of the prairie, while the piping plover relies on natural saline wetlands. A lucky 
visitor may even see a peregrine falcon {Falco peregrinus) or the extremely rare whooping 
crane {Grus americana) (worldwide population of less than 100) on these federal lands.
The Paddlefish {Polyodon spathula) is a species of special concern here because 
only seven populations are thought to be in existence in the world. The Yellowstone and 
the Missouri rivers contain one of the last stable populations of paddlefish, whose caviar is 
considered one of the world's finest. The pallid sturgeon {Scaphirhynchus albus), found 
in High Plains rivers, is one of two federally listed fish in Montana. As shown by the 
partial list here and in Appendix 3, the BLM and USFWS lands in the shortgrass prairie of 
Montana house a wide diversity of plant and animal species. However, the status of these 
species is in jeopardy as is indicated by the large number of plants and animals under 
designation as threatened, endangered, or under special concern ~ a category reserved for 
species in Montana whose "numbers or habitats may be limited in the foreseeable future" 
(USDI, BLM 1992).
The BLM is also steward of the federal government’s largest body of cultural 
resources; more cultural sites exist on BLM lands than on all other public lands combined 
(Sierra Club 1992). Although little of the BLM and Fish and Wildlife Service lands have 
been officially surveyed for cultural resources, thousands of historic and archeological sites 
have been discovered in the High Plains, sometimes with a density of more than one site
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per 100 acres. Many of these sites have been determined eligible for the National Register 
of Historic Places. Native American heritage can be discovered at sites which contain tipi 
rings, rock shelters, petroglyphs, pictographs, medicine wheels, and wooden or stone 
structures used for vision quests. These home, hunting, or religious sites are up to 12,000 
years old. The Jordan Bison Kill Site is one such wonder which documents in its remains 
a late prehistoric bison jump. The Hoe Site was also used by Native Americans during the 
late prehistoric period. Determined eligible for the National Register of Historic Places, 
this Native home and farm site represents the most western findings of agricultural 
practices of the middle Missouri tradition. Here were found three bison scapulas used as 
gardening hoes.
American historical resources also abound. By the end of the First World War, 
marginal conditions for land exploitation caused one out of every two homesteaders to lose 
or abandon a farm. Many of these homesteads reverted to the federal government through 
the provisions of the Bankhead-Jones Farm Tenant Act of 1936. These lands are now 
public and contain hundreds of historic sites. Homesteads, rural school buildings, 
churches, cemeteries, stage trails, and battle sites are evidence of the futile struggle to 
privately farm and ranch the area. Two National Historic Trails, The Lewis & Clark NHT 
and the Nez Perce NHT, run through sections of High Plains public land; Lewis and Clark 
camped in several places along the Missouri River, and their campsites of 23 and 24 May, 
1805, have been placed on the National Register. The Powder River Depot Site reflects the 
military campaigns of 1876. General Custer rested and resupplied here before proceeding 
to the Little Bighorn. As many as 3,000 soldiers camped here during its peak of 
occupation. This site is also eligible for the National Register of Historic Places, as it 
contains a wealth of archeological information on the camp and the everyday life of the 
soldiers.
Bill Cunningham (1990) of the University of Montana calls Misssouri Breaks 
country "an outdoor museum of vertebrate and invertebrate fossils." Several areas have
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yielded the only known fossil record for various extinct animals. The Hell Creek Fossil 
Area contains abundant fossils of terrestrial dinosaurs, including those of Tyrannosaurus 
Rex.
The public prairie lands of Montana are important to Montanans and to people 
across the country. They are prime lands for hunting, fishing, backpacking, and camping. 
They can provide excellent opportunities for wildlife viewing, sightseeing, and all kinds of 
recreation. They are invaluable to scientists and researchers as they provide a living 
laboratory for the study of natural processes. They are the best opportunity for preserving 
biodiversity in the plains. And above all, they are essential not only to the health of the 
ecosystem, but to human health as well. The public resources here are all worth 
preserving. The great diversity of wildlife, geologic formations, cultural sites, and historic 
landmarks are, however, threatened by human activities.
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Public L ands Ranching
Livestock grazing has been the dominant and almost exclusive use of these public 
lands for over 100 years. Cattle here are ubiquitous. Roughly 94% of public Western 
BLM lands are managed for private ranching (Fleischner 1994). On the public lands of 
Montana, the situation is the same: in the Judith, Valley, and Phillips BLM Resource 
Areas, 98.7% of the public acreage is allotted for private cattle ranching, while 1.3% is left 
for other uses (USDI, BLM 1992). Nearly every acre of public lands in Montana and the 
West that can be grazed by livestock is grazed by livestock. Even Wilderness areas are not 
spared from this practice, as fully one half of all Wilderness areas in the West are privately 
ranched (Jacobs 1991). Why does it matter that one use of the land is dominant over all of 
the others? Quite frankly, as Lynn Jacobs states in Waste o f the West, (1991) "ranching 
has wasted and is wasting the Western United States more than any other human endeavor. 
Ranching is by far the West's most environmentally destructive land use."
The ecological costs of livestock grazing in the West are well documented and can 
be grouped into three major categories: (1) alteration of species composition of 
communities; (2) disruption of ecosystem functioning; and (3) alteration of ecosystem 
functioning (Fleischner 1994).
Decreases in the diversity and density of plant and animal species have been 
recorded in ecosystems in the West for many plants varieties and all animal vertebrate 
classes (Fleischner 1994). For example, in riparian areas of Montana, densities of one- 
third of the bird species studied differed significantly between heavily and lightly grazed 
sites; two-thirds of the bird species affected by grazing had higher densities on lightly 
grazed sites (Mosconi and Hutto 1982). In Oregon riparian areas, plant species richness 
increased from 17 to 45 species only nine years after the removal of livestock from the 
study area (Winegar 1977). In upland areas of New Mexico, grass density has been
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shown to increase 110% after 30 years of protection from grazing (Gardner 1950). Trout 
populations have increased 184% in the Great Basin when grazing is reduced or eliminated 
(Bowers et al. 1979).
Grazing not only affects species composition, but also the fundamental ecosystem 
functions of nutrient cycling and succession (Fleischner 1994). Long-term livestock 
grazing has resulted in an unnatural maintenance of early serai vegetation. Cattle grazing of 
small seedlings has been shown to prevent cottonwood {Populus fremontii) regeneration in 
southern Arizona riparian zones (Glinski 1977). Glinski (1977) concluded that grazing by 
livestock reduces or eliminates the upper canopy by disallowing the establishment of new 
saplings. In an Oregon study area, grazing retarded succession in the willow (Salix spp.) 
and black cottonwood {Populus trichocarpa) community, and prevented any regeneration of 
alders {Alnus spp.) and cottonwoods (Kauffman et al. 1983).
Alteration of ecosystem structure is perhaps the most irreversible of livestock 
caused problems. Whole structures have been changed, as is evident in the ponderosa 
pine forests in the West which have been altered from open park-like stands with thick 
grass cover, to dense pine communities lacking native grasses (Rummell 1951). Because 
livestock grazing compacts the soil and decreases water filtration, many areas experience 
severe water loss and subsequent desertification (Fleischner 1994).
Livestock grazing on sensitive public lands has wreaked decades of ecological 
damage. In arid regions like the High Plains of Montana, rivers and riparian habitats are 
the most significant habitats for wildlife. The large trees and dense, diverse vegetation 
surrounding rivers and streams provide cover and shade for animals, and moderate 
temperature extremes for fish and wildlife. Healthy riparian vegetation serves as a filter for 
pollutants, sediments, and other debris that would otherwise enter the water. These 
sources of drinking water and lush forage are the most biologically productive systems in 
the West. Overall, 75% of all vertebrate species in the West in some way rely on riparian 
areas (Williams 1990) and half of all bird species are completely dependent on them
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(Chaney 1990). Unfortunately, cattle are also attracted to these riparian zones. As 
opposed to native wildlife such as bison, exotic cattle are lethargic and congregate in 
riparian areas (Van Yuren 1982). They evolved in the moist woodlands of Eurasia 
(Wuerthner 1994), and are not at all adapted to arid regions. Cattle use two to three times 
as much forage as elk (Jacobs 1991), for example, and do much more damage per pound 
than any native ungulate.
The trampling and mowing of these thousand pound beasts compact the soil, 
denude the area of vegetation, and cause soil and bank erosion and flash floods. The 
streams become degraded and worthless to many fish and wildlife species. A 1990 report 
for the Environmental Protection Agency stated that "extensive field observations in the late 
1980s suggest that riparian areas throughout the West are now in the worst condition in 
history " (Jacobs 1991). The BLM itself admits that 40% of stream riparian miles in the 
Judith, Valley, and Phillips Resource Areas of Montana are in "less than proper functioning 
condition" (USDI, BLM 1992). Without functioning riparian habitat, the lifeblood of the 
prairie is lost
When a logging company clearcuts a forest or when a mining corporation strips the 
soil off of a mountain, the effects are immediate and evident But when a herd of cows 
strips away the grasses in the prairie the impacts are just as great if not as obvious. 
Grasslands have been ignored in America due to our bias for treed landscapes or perhaps 
because few know what a truly healthy grassland looks like, but the prairie generally has 
"the deepest, most fertile and productive soil, highest erosion resistance and water 
retention, and greatest biomass of animals of aU the major bioregions" (Jacobs 1991). The 
insidious practice of livestock grazing on public lands, however, has caused a dramatic 
loss of grass biodiversity. Over many thousands of years, the grasses have adapted to 
influences of native animals and fire, but they have not adapted to the intensive grazing, 
trampling, and other impacts of exotic livestock. After a century of overgrazing, much of 
the shortgrass has been replaced by cheatgrass, noxious weeds, other exotics, and bare
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dirt. In 1975 the BLM admitted (in the Range Condition Report to the Senate 
Appropriations Committee) that its own extensive data surveyed showed only 17% of its 
rangeland in good or excellent condition, 50% in fair, and 33% in poor or very poor 
condition. Altogether, 83% was in unsatisfactory condition -- essentially producing at less 
than 50% of its potential. After this report came out, both BLM officials and the General 
Accounting Office criticized the data for understating the poor and deteriorating state of 
public range (Ferguson 1983). Even in Montana, where some claim that public lands 
ranching does not degrade the land, the BLM itself (hardly an impartial observer) admitted 
that 43% of the range is in fair to poor condition in the Billings Resource Area (USDI, 
BLM). Areas that historically were vibrant meadows of wildflowers and bunch grasses are 
now severely degraded cattle sacrifice zones. In a 1980s BLM letter, the agency stated that 
in areas of 5" to 20" of precipitation it may take 300 years, even under optimum ranching 
management, for livestock-damaged range to approximate original environmental health, 
summarizing that range managers "must be patient" (Jacobs 1991).
With less forage, fewer healthy riparian areas, and degraded landscapes, native 
wildlife suffer. Domestic livestock consume most of the forage and water on public lands 
in Montana, at the expense of native species like pronghorn or trout. As former BLM 
range ecologist George Wuerthner (1994) states, "because there is a limited supply of 
forage and water, every cow or sheep reduces the overall potential habitat for most native 
species." And as habitat loss lowers wildlife populations and isolates populations from 
each other, the long-term viability of the entire species declines as well. Reforming grazing 
practices is not the solution. Jacobs (1991) states quite simply that "there are no empty 
niches in a healthy ecosystem. Aside from any additional deleterious effects livestock may 
have, every cow, sheep, goat, or other domestic animal on the open land is replacing 
naturally occurring animals. No matter the number of livestock or grazing method used, 
there is no way around this actuality." If there were, then there would be room for cattle
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and all the native historic biodiversity, including bison, wolves, mountain lions, and black­
footed ferrets. Where are these animals today?
Moreover, the effects of public lands ranching in the High Plains does not stop with 
cows. Range developments like roads, stock tanks, stream diversions, barbed-wire 
fences, and troughs combine to adversely affect wildlife. Ranchers are also the raison 
d ’etre for the federal Animal Damage Control, which spends millions each year to kill 
predators that prevent total cattle hegemony. Montana ADC spent $1,25 mUlion in 1989 to 
kill predators, though predators in the state only killed $235,000 worth of livestock in the 
same year (Milstein 1991). The amount of predators that they exterminate each year is not 
well known because of the extreme secrecy in the agency, but one former ADC agent, Dick 
Randall, gives us a good idea of the number of animals killed:
I killed so many coyotes I got ashamed of myself. I think I got 700 and some 
coyotes in three months. Of course next spring, I didn't notice any difference in the 
amount of telephone calls I got. It was the same old whine. The coyotes are 
putting us out of business, the coyotes are eating us up.'" (Jacobs 1991)
There is a direct correlation between ranching and the widespread decline in predator and
other animal numbers. Typical animals killed by the ADC for private ranchers' benefit are
mountain lions, foxes, coyotes, bobcats, prairie dogs, jackrabbits, black bears, wolves,
gophers, ground squirrels, and eagles. Numerous studies have concluded that the only
way to restore ecosystem health on heavily grazed lands is to completely remove cattle and
other livestock (Fleischner 1994). A study on Mahogany Creek. Nevada found that
reduction in grazing brought little benefit; only complete exclusion was effective in bringing
about habitat improvement (Chaney 1990). The environmental effects of livestock
ranching on public lands cannot be overemphasized.
Who, then, benefits from public land ranching in the High Plains of Montana?
According to the BLM (per. comm.), 3,609 people have permits to graze public lands in
the Judith, Valley, Phillips, Big Dry, Powder River, Billings, Headwaters, and Great Falls
Resource Areas, or all the BLM lands in Montana east of the Continental Divide. And only
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87 permittees have leases to graze the 760,000 acre Charles M. RusseU National Wildlife 
Refuge (USFWS per. comm.) (Appendix 4). That represents 0.45% of the total 
population of Montana, and considering that it is federal land, we must take into account 
the total US population of 260 million. Private ranchers (comprising 0.001% of the US 
population) have practically exclusive rights to High Plains public land in Montana.
Not only do they have the privilege of ranching public lands, but they are 
subsidized to do so. The federal government charges $1.61 per animal unit month (AUM) 
to graze on public land, while the fair market value is roughly $10.00 per AUM (Jacobs 
1991). Of the 16% of fair market value that the government receives, more than half of the 
revenue is returned to the public lands ranching industry through the "range betterment 
fund," perpetuating the destruction and furthering the subsidy. Of the 1,184,415 AUMs 
in these resource areas, the grazing fees are $1,466,774 per year for an annual loss of more 
than 11 million dollars to the US taxpayer (Appendix 5). Only eleven cents of every dollar 
spent is returned in grazing fees. This does not even begin to address the environmental 
costs of public lands ranching in Montana, (figures from USDI, BLM per comm.)
If ranchers were assessed the real cost of doing business in the West, particularly 
on public lands, the Western livestock industry would be unable to compete with 
livestock producers in more benign climatic regions. If the many external costs and 
liabilities associated with public lands livestock grazing were fully considered, 
livestock would be removed from all public rangelands and these lands would be 
managed instead for their recreational, wildlife, and biological values.
— George Wuerthner (Jacobs 1991)
Subsidies are, of course, not always bad. The federal government often subsidizes
institutions and infrastructures that benefit all Americans, but which single individuals
would not pay for. Schools, public transportation, health care, and scientific research are
all worthy subsidies that would not receive adequate money from private sources, but are
necessary to educate, protect, and generally benefit the well-being of all Americans. So
what are the desirable effects of public lands ranching in Montana that justify this subsidy?
Montana federal public lands (BLM and Forest Service), east and west of the continental
divide, provide less than one quarter of one percent of US beef production, or the same
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amount that is raised on private lands in Maryland. It may seem strange that over 8 million 
acres of BLM land and millions of acres of US Forest Service lands in Montana would 
produce so little beef and degrade so much land. But it takes 73 times as much land to raise 
one cow on Montana's public lands as it does to raise a cow in Iowa (Jacobs 1991). 
Moreover, for those who would hold that public lands ranching is integral to the local 
economies, the General Accounting Office in 1991 concluded that such grazing "risks long­
term environmental damage while not generating revenues sufficient to provide for 
adequate management," and that "at a local level, BLM documents indicate that local 
economies do not depend on public lands ranching for economic survival" (USGAO 
1991). The GAO further stated that "according to the operators, [one] important benefit 
they do receive is the ability to maintain a traditional ranching lifestyle they enjoy"
(USGAO 1991).
The destructive practices associated with public lands ranching in Montana is 
perpetuated by a disproportional system of representation in national politics. The 
powerful ranching lobby has been controlling the area for over 100 years and is not ready 
to renounce control now. The situation has been confused by the mythology of the free 
and independent cowboy who just wants to tend to the land that he loves so much.
"All he [the early Western stockman] wanted from Washington was free use of 
public lands, high tariff on any meat coming from Australia and Argentina, the 
building and maintenance of public roads, the control of predators, the provision of 
free education, a good mail service with free delivery to the ranch gate, and a strong 
sheriffs department to arrest anyone who might think of intruding on the land. 'I 
want no interference from the government,' the rancher proclaimed, and he meant 
it."
— from Centennial by James Michener
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Mining and Drilling
Mineral, oil, and gas extraction has also been a major use of the public lands of the 
High Plains of Montana. Thousands of oil and gas fields are found in eastern Montana, 
and many large fields are at least partly on public land. One of the largest gas fields in the 
state, the Bowdoin Dome, was discovered in 1913 and has expanded to include a roughly 
circular area, 50 miles in diameter, with over 800 active wells (USDI, BLM 1992). Much 
of the drilling activity occurs on public land. In the Big Dry Resource Area of Montana's 
High Plains, the 1994 oil and gas plan expects drilling to increase at a rate of 686 new 
wells over the next 5 years or 2,744 wells during the next 20 (USDI, BLM 1994). In five 
years, new lands under operation would cover over 3,500 acres, while the resource area 
already leases over half a million acres of federal land for drilling already (USDI, BLM 
1994). The Powder River Resource Area leases 2.4 million acres for oil and gas as well 
(USDI, BLM 1984)
The richest and most productive weUs were located years ago, and the surrounding 
public lands were developed and roaded. The current oil and gas operations occur mainly 
on lands outside of the area considered in this proposed protection plan, because when 
these areas of high potential were tapped, developments followed that degraded the area to 
the point where it becomes ineligible for Wilderness designation. The remainder of public 
lands untapped for oil and gas are of lower potential for large economic gain so should not 
be utilized for more drilling. The proposed Montana High Plains Ecosystem Recovery 
Plan does not interfere with active well operations, but prohibits new wells on its 
designated Wilderness areas. Fortunately, the majority of the oil and gas wells in eastern 
Montana are not near the large contiguous tracts of roadless land surrounding the Charles 
M. Russell National Wildlife Refuge, leaving the potential for recovery of this core area 
intact
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Hardrock mining also occurs in eastern Montana, most notably in the Little Rocky 
Mountains and in the Kendall Mining District. The process used to extract gold in these 
areas is cyanide heap leach mining where small amounts of gold are extracted from massive 
amounts of earth. The large mounds of earth are heaped into a pile and sprayed with a 
toxic cyanide solution in order to separate the gold from the rock. This process can use 
millions of gallons of water per week and threatens groundwater and surface water with 
cyanide and poisonous heavy metals. Mining of this sort also permanently scars thousands 
of acres of land and destroys wildlife habitat. There are 3,119 mining claims in the Judith, 
Valley, and Phillips Resource Areas (USDI, BLM 1992). The largest of these claims 
belongs to the Zortman-Landusky mine which began large scale operations in 1979. This 
single mine has excavated 1,260 acres of mountain top and required the moving of over 61 
million tons of earth to extract gold and silver.
The Mining Law of 1872 allows large mining corporations to buy the public land 
and its minerals for as little as $2.50 an acre to extract millions of dollars worth of gold, of 
which 80% is used for jewelry. The legacy of hardrock mining can be seen in many rivers 
throughout Montana which have been poisoned to the point where they can no longer 
support healthy fish populations, and are toxic to humans and animals alike.
Other extractive industries include mining for bentonite, scoria, coal, and uranium. 
The majority of the economically productive areas have been mined, and further extraction 
in these potential Wilderness areas would be extremely detrimental to recovery efforts, 
while serving little economic purpose because of their diminished returns.
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RESERV E DESIGN AND ECOSYSTEM PROTECTION
Current thought in conservation biology is that ecosystem integrity is dependent 
upon having a habitat base large enough to sustain ecological processes and biodiversity.
In order to stop the destruction of native biodiversity, major changes must be made in land 
allocations and management practices. Systems of interlinked wilderness areas and other 
large nature reserves surrounded by multiple use buffer zones offer the best hope for 
protecting sensitive species and intact ecosystems. Using science (conservation biology) in 
the process of selecting and managing landscape-sized reserves, we must answer the 
following questions (after Noss 1992, see Appendix 6):
(1) How can public lands be best managed in the High Plains o f Montana to support 
biodiversity over time ?
(2) What spatial relationships should the reserves have with each other?
Four fundamental objectives are consistent with the overarching goal of maintaining the 
native biodiversity of a region in perpetuity (Noss 1992). To complete these objectives, 
these questions must be asked in designing a Montana High Plains reserve system (after 
Noss 1992):
(1) How does one represent^ in a system o f protected areas, all components o f the native 
ecosystem (the shortgrassprairie)?
(2) How does one maintain viable populations o f all native species (plant and animal) in 
natural patterns o f abundance and distribution?
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(3) How does one maintain ecological and evolutionary processes, such as disturbance 
regimes, hydrological processes, nutrient cycles, and biotic interactions, including 
predation?
(4) How does one design and manage the system to be responsive to short-term and long­
term environmental change and to maintain the evolutionary potential o f lineages?
These are some of the questions that must be answered for a reserve design to be 
effective. The common thread in each of these questions is how large and under what type 
of management a reserve must be to support biodiversity over time. For instance, to 
maintain viable populations of native species, the reserve must be large enough and 
"natural" enough. To represent all components of the native ecosystem and to maintain 
ecological and evolutionary processes, large, natural areas are also required. Moreover, 
processes such as predation are necessary for ecosystem integrity and also require large 
tracts of natural landscapes, as predators are generally low-density and wide-ranging.
Thus, in deciding how to design a reserve, conservationists must go beyond the 
historic means of designating Wilderness Areas based on aesthetic or recreational 
guidelines. The areas recommended by the BLM and USFWS for Wilderness designation 
cannot reach the goal of maintaining native biodiversity because they are too small to 
support all components and processes of the native ecosystem and because they are not 
managed for biodiversity.
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H istoric M eans of Public Land Protection
The traditional mechanism for protecting public lands has been the Wilderness Act 
of 1964. The US Fish and Wildlife Service and the US Forest Service were at this time 
instructed to review the lands under their supervision for possible Wilderness 
recommendation to Congress. But not until 1976 with the passage of the Federal Land 
Policy and Management Act (FLPM A) was the Bureau of Land Management required to do 
the same. In this "Organic Act", the BLM was mandated to perform a roadless area review 
in order to provide the basis for a series of recommendations to Congress for Wilderness 
Study Areas and Wilderness designation. That process in Montana was a mitigated success 
for the environment at best The BLM recommended (of approximately 6.8 million acres 
of BLM land in the High Plains of Montana) that 274,320 acres be managed as Wilderness 
Study Areas. Of that, only 103,869 acres were recommended to Congress for Wilderness 
designation (USDI, BLM 1991). In other words, only 1.5% of BLM lands in the 
Lewistown and Miles City BLM districts was recommended for Wilderness designation, 
and grazing by private ranch operations would be permitted on aU of these lands.
The Wilderness Act defines a wilderness as having four characteristics: (1) 
substantially unnoticeable human impacts, (2) outstanding opportunities for solitude or 
primitive recreation, (3) an area of at least 5,000 acres or a sufficient size to make 
preservation practicable, and (possibly but not necessarily) (4) ecological, geological, 
scientific, educational, scenic or historic value (The Wilderness Act § 2(c) 1964). Areas to 
be considered for Wilderness designation need not be absolutely "pure." Most roadless 
public lands have been used by humans at some point and their impacts are nearly always 
noticeable to some degree. Moreover, unmaintained roads in an area do not disqualify an 
area from "roadless" status. The definition of a "road" is spelled out in the 1976 FLPM A 
House Report: "The word 'roadless' refers to the absence of roads which have been 
improved and maintained by mechanical means to insure relatively regular and continuous
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use. A way maintained solely by the passage of vehicles does not constitute a road" 
(Foreman 1992). The Wilderness Act prohibits a number of activities in Wilderness areas 
including roadbuilding, most permanent structures, timber harvesting, new mineral 
operations, and oil and gas drilling. At the time of its passage, however, heavy political 
pressure allowed for an exemption for grazing in Wilderness areas. This use was thought 
to have little impact because most areas being considered for designation at the time were 
high elevation "rock and ice", dense forest, or steep canyons -- areas not suitable for 
grazing. The Wilderness Act describes wilderness as a place "where the earth and its 
community of life are untrammeled by man, where man himself is a visitor who does not 
remain." Allowing private ranches to operate on public Wilderness lands (with all of the 
developments that accompany it — reservoirs, stock ponds, water spreaders, fences, 
diversion ditches, and corrals) is contradictory to the concept of wilderness itself because 
livestock grazing significantly adds to the unnatural character of the land and prevents the 
intent of the Act from being realized. Conservationists have called for a halt to Wilderness 
Area ranching, especially on prairie and desert lands. The High Plains proposal made here 
will not allow private ranching to continue on these protected lands.
The 1976 Federal Land Policy and Management Act also gave the BLM its official 
purpose — to preserve and protect public lands and to manage them for multiple use. Their 
mandate is to manage not only for industrial exploitation but for recreation, historic 
preservation, and wildlife habitat protection. Furthermore, as part of FLPMA, Congress 
provided that in managing public lands the Secretary "shall, by regulation or otherwise, 
take any action necessary to prevent unnecessary or undue degradation of the lands."
In accordance with FLPMA, the Bureau of Land Management was to review all 
roadless areas for possible inclusion in the Wilderness Preservation System. The process 
involved an initial inventory, an intensive inventory, and a wilderness study. The purpose 
of the initial inventory is to determine which BLM administered lands "clearly and 
obviously do not meet the size and roadless wilderness criteria (USDI, BLM 1979)" of
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5,000 acres or areas that are islands or are contiguous to other federal agency lands which 
were either designated wilderness areas, areas under study or recommended for such 
designation. The initial inventory involved lands that were presumed to be roadless on the 
basis of readily available information. The intensive inventory was to be an in-depth 
examination of all remaining inventory units for wilderness characteristics. These 
characteristics include outstanding opportunities for primitive and unconfined types of 
recreation, solitude, naturalness and the presence or absence of supplemental values. After 
wilderness areas have been identified through the inventory process, and the first "cuts" are 
made, they were to be studied through the BLM planning system to analyze all values, 
resources, and uses.
Several problems are evident with the wilderness inventory process conducted from 
1979 to the final recommendations of 1991. First, the initial inventory to decide if the 
inventoried units met the 5,000 acre requirement did, in fact, include in-depth examinations 
for "wilderness characteristics", an aspect that was not to be studied until the intensive 
inventory stage. Thus, areas that did meet the roadless requirements were dropped because 
of such reasons as a lack of naturalness. The second stage of the process was also flawed 
in that the determination of whether an area is suitable for wUdemess designation was 
based on arbitrary and capricious standards. Some areas of equal human development 
were given drastically differing ratings as to suitability. Also areas that seem to be suitable 
were dropped because of a subjective and inconsistent feehng of what qualifies as natural 
or providing for outstanding opportunities for primitive or unconfined recreation. For 
example, compare these three roadless units (USDI, BLM 1979):
Cow Creek MT-066-256 (71,113 acres)
Improvements consist of 55 reservoirs, scattered lengths of fence totaling 33 miles, 
numerous vehicle ways, one rain-entrapment, approximately 45 dry gas holes with marker 
pipes, and two cattleguards. There is active drilling for gas, but their locations are 
currently unknown.
Burnt Lodge/Sage Creek MT-065-278 (64,860 acres)
Throughout this unit are 64 reservoirs, two developed springs, one gravel pit, two 
cattleguards, two corrals, and two areas of water spreaders.
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Lone Tree MT-064-335 (43,520 acres)
There are 50 reservoirs and at least 25 miles of fence and a well defined system of jeep 
tracks. Over 5,000 acres of water spreaders exist.
The first two roadless units eventually were recommended in some form to be designated 
as Wilderness by the Bureau of Land Management (only seven units out of hundreds were 
recommended in the two districts), while the third did not even make it past the "first cut" 
to be intensively inventoried. The impacts of private cattle ranching on all three units are 
apparent, but the third unit was somehow deemed to be clearly and obviously unsuitable 
for designation. The first round of cuts are supposed to be based on whether an area 
qualifies as roadless (which all three do), but the decision on the third unit was based on 
lack of natural characteristics. This determination is not supposed to be made until the 
intensive inventory round.
In the intensive inventory round of decision-making, the violations are even more 
egregious. Decisions were made in a capricious and arbitrary fashion, with a subjective 
determination of "wilderness characteristics" that defy logic. For example, the Pearson 
Coulee unit (MT-064-338) of 23,840 acres of roadless land was dropped from 
consideration in the intensive inventory stage for the following reasons (USDI, BLM
1980):
It is not recommended that this unit be studied further for wilderness value. While the area 
is large enough and basically natural, opportunities for solitude are only moderate at best. 
The area is very open with little to no vegetation of any size. The only recreation 
opportunities of note relate to hunting and these are not outstanding. Only minor 
supplemental values were identified. These were some teepee rings.
It is hardly reasonable to say that opportunities for solitude are moderate at best in a 
roadless area of 23,000 acres which is surrounded by hundreds of thousands of acres of 
public land (mostly roadless) in a large county of only 8,400 (1988 census figures) people. 
To disqualify a roadless area in the shortgrass prairie for not having enough vegetative 
cover is akin to stating that the shortgrass prairie is ineligible for Wilderness designation in
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general. Examples abound where the BLM has stated that an area meets the size and 
naturalness requirements but offers no outstanding opportunity for recreation or solitude. 
Note the following examples (USDI, BLM 1980):
Dry Creek (MT-027-709) (9,200 acres)
The unit is not recommended for WSA status, although it meets the size and naturalness 
criteria. As a whole, the Dry Creek Inventory Unit provides fair to good but not 
outstanding opportunities for solitude. The major recreational use of this area is currently 
hunting. TTie badlands of the unit provide good habitat for mule deer while the eastern 
portion with its open grasslands provides good pronghorn habitat. Hunting is very good 
here as it is in much of the surrounding breaks east of the Powder River. Hiking would be 
interesting in the badlands formations of Whitetail Creek, although the challenge of the 
terrain is only moderate. More likely, hiking would provide a good opportunity for 
sightseeing and looking for fossils like dinosaur bones occasionally found in this geologic 
formation. None of these activities is excellent nor are outstanding opportunities for 
primitive recreation provided by a diversity of activities.
Sand Arroyo (MT-024-643) (6,990 acres)
This unit is not recommended for WSA status although it meets the size and naturalness 
criteria. This unit does not contain outstanding opportunities for solitude because it is 
lacking significant topographic or vegetative screening. Since the unit consists primarily of 
open, genüy rolling grasslands, with occasional gumbo knobs and ridges, the opportunities 
for topographic screening are slight Opportunities for vegetative screening are virtually 
nonexistant since the dominant vegetative cover are grasses and sagebrush. Although 
opportunities for solitude, provided by large open vistas, are present in this unit, the 
opportunities for solitude are still not outstanding since there is not enough diversity of 
terrain types to insure adequate dispersal or screening. Although the open, rolling nature of 
this unit provides opportunities for activities such as hiking, backpacking, horseback 
riding, and cross-country skiing there is no single activity or combination of activities 
which provide outstanding opportunities for primitive recreation.
Grant Coulee (MT-064-337) (66,980 acres)
It is not recommended that this unit become a Wilderness Study Area. Though in very 
natural condition, the lack of topographic, or vegetational screening does not provide 
solitude of notable quality. The recreational opportunities are limited to hunting, which is 
not outstanding.
According to the BLM, a 67,000 acre roadless area in a "very natural condition" 
does not qualify for Wilderness designation because of a lack a vegetative screening. Any 
area that has true shortgrass prairie characteristics, then, would be automatically 
disqualified. Apparently, hiking, backpacking, horseback riding, wildlife viewing, 
hunting for pronghorn and mule deer, and searching for dinosaur fossils in open prairie 
and badland formations is not considered outstanding either.
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The US Fish and Wildlife Service has done little more to protect biodiversity on 
their lands. National Wildlife Refuges, dating back to 1903, were originally set aside in the 
United States as "inviolate sanctuaries." They are administered by the Department of the 
Interior's Fish and Wildlife Service specifically for the benefit of wildlife. According to 
federal law, the system was created "for the purpose of consolidating ... areas ... 
administered by the Secretary of the Interior for the conservation of fish and wildlife, 
including species that are threatened with extinction" (16 U.S.C.A. § 668dd). Over the 
years, however, many activities counter to this purpose have been permitted on National 
Wildlife Refuges, such as cattle grazing, oil and gas development, golf courses, and 
bombing and strafing by the military. The National Wildlife Refuge Act of 1966 gave the 
Secretary of the Interior power to "permit any use of any area within the system for any 
purpose ... whenever he (sic) determines that such use is compatible with the major 
purposes for which the land areas were established" (16 U.S.C.A. § 668dd(d)(l)).
Clearly cattle grazing and other exploitative activities are incompatible with the purpose of 
conserving fish and wildlife, especially endangered species (see section on public lands 
ranching). If cattle grazing on the Charles M. Russell NWR were compatible with wildlife 
protection, there would be bison grazing alongside the cows. Moreover, as seen by the 
number of threatened, endangered, and sensitive species on the Charlie Russell Refuge, 
proper consideration for those plants and animals is not being given. Cattle grazing on 
National Wildlife Refuges has been excused by some managers as beneficial to wildlife. 
But upon review of 123 refuges, Strassman (1987) concluded that "although in theory 
cattle grazing and haying can be management tools, as implemented they are tools that do 
more harm than good." Under the Montana High Plains Recovery Plan, cattle will be 
removed from the Refuge in a quick and orderly fashion and Wilderness Areas that were 
recommended to Congress will be immediately designated.
The manner in which most public lands are now managed can be changed by 
administrative as well as legislative means. As part of the Federal Land Policy and
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Management Act of 1976, Congress provided, as previously stated, that "in managing 
public lands" the Secretary of the Interior "shall, by regulation or otherwise, take any action 
necessary to prevent unnecessary or undue degradation of the lands." Just as the Secretary 
has power over compatible uses on Wildlife Refuges, he or she may also dictate what 
actions cause undue degradation on all public lands. With the passage of FLPMA and the 
Public Range Improvement Act (PRIA), Congress set goals in public range management 
for the Secretary to monitor. First, range improvements through livestock reduction is to 
be a management priority (43 U.S.C.A § 1903(b)). Second, the multiple use philosophy is 
to guide land use decisions (43 U.S.C.A § 1701 (a)(7)). Third, the BLM must prepare 
land use plans which reflect the multiple use concept (43 U.S.C.A. § 1712). However, the 
BLM and the Secretary of the Interior have historically believed that a dominant, not 
multiple, use approach is best, and that use is grazing. Other potential uses of rangeland, 
such as recreation, wildlife habitat, and watershed, have been considered of secondary 
importance.
Realizing that the Interior Department and its agency leaders have not been willing 
to accept true multiple use and ecosystem protection, it is necessary to call upon Congress 
to make the necessary changes in public land management The source of their power is 
the Property Clause of the Constitution which permits Congress to "dispose of and make 
all needful rules and regulations respecting the territory or other property belonging to the 
United States" (Art IV, § 3, cl. 1). The United States originally had to acquire all the 
nation’s land from Native American Indian tribes, foreign nations, and the thirteen 
colonies. The United States then "disposed" of land and resources by grants to states, 
farmers, ranchers, homesteaders, and railroad companies. When the states were created 
out of territories, the federal government retained title to all lands within the state that they 
had not given to private hands prior to statehood. Congress may at this time pass any law 
relating to the management of these public lands.
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The idea of wilderness has evolved much in the past 30 years from the passage of 
The Wilderness Act in 1964 and even more since the first National Park was established in 
Yellowstone in 1872. The initial idea of protecting primitive areas for scenic beauty, 
outstanding natural wonders, or recreation has been replaced with a desire to manage lands 
for ecosystem protection. As the human population and the perceived need for more and 
more resources has grown, public lands have been scoured for every last bit of lumber, 
every barrel of oil, and every blade of grass. This reckless exploitation has caused a 
disturbing unraveling of ecosystems around the globe. Certain healthy ecosystem types 
have become extremely rare and the ramifications of this are apparent Clean water is at a 
premium across the West, species that depend on specialized niches are declining rapidly, 
and human health (both physical and mental) is suffering. The easiest and least costly 
solution to many of these problems is the protection of entire ecosystems. Already, 
Congress has heard the arguments for the evolution of the wilderness model from one of 
isolated tracts for recreation and scenery to a comprehensive ecosystem health approach as 
seen in the Northern Rockies Ecosystem Protection Act The ecosystem protection model 
helps us to avoid the costly problems of environmental "train wrecks" that have occurred in 
the past with the spotted owl and the snail darter. Without a fully functioning ecosystem, 
the health of the plant and animal (including human) community will continue to decline in 
spite of isolated efforts of better "site" management. The Montana High Plains Protection 
Plan embraces the concept of ecosystem protection. What follows is a recommendation for 
how to manage public lands in Montana's High Plains to ensure sufficient area for 
sustaining viable wildlife populations and a blueprint for congressional action.
3 3
TH E MONTANA HIGH PLAINS ECOSYSTEM RECOVERY PLAN
The Montana High Plains Ecosystem Recovery Plan will:
• establish a 235,000 acre Grasslands International Peace Park contiguous with parts of the 
current Canada Grasslands National Park in Saskatchewan, making Montana the only state 
to have two international parks in two different ecosystem types;
• designate 189 Wilderness Areas totaling 2,467,511 acres of Bureau of Land Management 
Land (or 36% of BLM land in the shortgrass);
• designate 13 Wilderness Areas totaling 176,140 acres on the Charles M. Russell National 
Wildlife Refuge (or 23% of the Refuge land area);
• gradually phase out livestock grazing over ten years on all of the BLM land designated 
Wilderness and on the entire Charles M. Russell National Wildlife Refuge;
• allow livestock grazing, oil and gas drilling, mining, motorized recreation and any other 
legal activities on the remaining 4.3 million acres of BLM land in eastern Montana;
• initiate the process of bison réintroduction on the core reserve area inside and surrounding 
the Charles M. Russell National Wildlife Refuge;
• allow enhanced hiking, camping, backpacking, wildlife viewing, hunting, fishing, cross­
country skiing, horseback riding, river rafting, photography, fossil hunting, scientific
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research, educational outings, and cultural enlightenment on all designated Wilderness 
areas.
• The following units are those that will be designated as Wilderness under this plan, 
thereby prohibiting new mines, new oil and gas wells, roads, motorized recreation, and 
phasing out grazing over a ten year period. All areas are at least 5,000 acres in size (unless 
adjacent to other special management areas), contain no maintained roads, have no active 
mining or drilling operations, and contain no major developments which preclude 
designation:
Bureau of Land Management (Miles City and Lewistown Districts — 6.8 million acres)
Roadless Area
Dry Creek 
Deer Mountain 
Weatherman Draw 
Jack Creek 
Bear Creek 
Burnt Timber Canyon 
Pryor Mountain 
Sykes Ridge Tack On 
Snowy Mts. Tack On 
Twin Coulee 
Lake Mason 
Little Wall Creek 
Middle Fork Judith T-O 
Big Snowies Tack On 
Little Box Elder Creek 
Cat Creek*
West Cottonwood Creek*
Cottonwood Creek*
Blood Creek*
Dovetail Creek*
Arrow Creek 
Dry Armells*
Aimells Creek*
Fargo Coulee*
Carter Coulee*
Carroll Coulee*
Two Calf Creek*
Reed Coulee*
Drag Creek*
Inventory Unit # Resource Area Acres
MT-067-200 I Billings 5,860
MT-067-201 I Billings 6,010
MT-067-202 Billings 6,033
MT-067-203 Billings 7,975
MT-067-204 I Billings 9,299
MT-067-205 I Billings 8,758
MT-067-206 I Billings 13,715
MT-067-207 I Billings 6,040
MT-067-211 I Billings 160
MT-067-212 I Billings 6,868
MT-067-213 Billings 9,516
MT-067-214 Billings 5,765
MT-068-216 I Judith 145
MT-068-217 I Judith 1,760
MT-068-219 Judith 5,750
MT-068-220 Judith 7,300
MT-068-221 I Judith 6,000
MT-068-222 I Judith 7,000
MT-068-223 I Judith 11,000
MT-068-224 I Judith 22,400
MT-068-225 I Judith 9,600
MT-068-226 Judith 8,250
MT-068-227 I Judith 19,000
MT-068-228 I Judith 5,000
MT-068-229 I Judith 5,760
MT-068-230 Judith 6,000
MT-068-231 I Judith 12,000
MT-068-232 I Judith 11,640
MT-068-233 I Judith 14,700
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Little Crooked Creek* MT-068-235 Judith 16,000
West Crooked Creek* MT-068-236 I Judith 10,240
Horse Camp Trail* MT-068-237 I Judith 9,600
Chain Buttes* MT-068-238 I Judith 5,000
Fort Musselshell Tack On* MT-068-240 I Judith 1,200
Fort Musselshell T-O "B"* MT-068-241 Judith 560
Dog Creek South* MT-068-244 I Judith 10,250
Chimney Bend* MT-068-245 I Judith 17,900
Woodhawk* MT-068-246 I Judith 17,000
Woodhawk Creek* MT-068-247 I Judith 5,500
The Wall* MT-066-249 I Havre 8,089
Stafford* MT-066-250 I Havre 7,177
Cummings Bench* MT-066-251 I Havre 6,280
Black Elk Coulee* MT-066-252 I Havre 9,702
Ervin Ridge* MT-066-253 I Havre 22,527
Sand Creek* MT-066-254 I Havre 12,217
Bullwhacker* MT-066-255 I Havre 40,851
Cow Creek* MT-066-256 I Havre 71,113
Al's Creek* MT-066-257 Havre 25,898
Timber Ridge* MT-066-258 I Havre 8,000
Wildhorse Lake MT-066-261 I Havre 11,453
Woody Island Coulee MT-066-264 I Havre 23,035
Antelope Creek* MT-065-266 I Phillips 21,500
Cyprian Creek* MT-065-268 I Phillips 6,900
LaVelle Creek* MT-065-269 Phillips 7,700
Rock Creek* MT-065-270 Phillips 12,000
Seven Mile Coulee* MT-065-271 Phillips 7,100
C.K. Creek* MT-065-272 Phillips 6,000
Spring Coulee* MT-065-273 Phillips 9,600
Beauchamp Creek* MT-065-274 I Phillips 30,400
Indian Lake* MT-065-275 I Phillips 20,600
Hawley Creek* MT-065-276 Phillips 12,700
Box Elder Creek* MT-065-277 I Phillips 15,500
Burnt Lodge/Sage Creek* MT-065-278 I Philhps 64,860
Upper Beauchamp* MT-065-279 Phillips 5,600
Dry Fork Creek* MT-065-280 I Phillips 15,360
Grey Coulee* MT-065-281 Phillips 7,000
Third Creek* MT-065-282 I Phillips 31,860
Dog Creek* MT-065-283 Philhps 5,300
CoW Mine Coulee* MT-065-284 Philhps 6,380
North Fork First Creek* MT-065-289 Philhps 7,400
Flat Creek* MT-065-290 I Philhps 29,760
White Rock Coulee* MT-065-291 Philhps 21,500
Horse Pasture Coulee* MT-065-293 Philhps 6,900
Trueblood Coulee* MT-065-294 Philhps 23,800
Rudolph Coulee* MT-065-296 Philhps 5,700
Beaver Creek* MT-065-297 I Philhps 19,700
Fourth Creek* MT-065-298 Philhps 8,000
Assiniboine Creek MT-065-299 Philhps 9,000
Horse Camp Coulee MT-065-300 Philhps 7,300
Black Coulee MT-065-303 I Philhps 8,360
Lamere Coulee MT-065-304 I Phühps 37,100
Lambing Coulee MT-065-305 Philhps 11,360
Garland Creek MT-065-306
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Philhps 15,800
Davenport Coulee 
North Woody Island 
Border
Upper Whitewater Creek 
Frenchman Creek West 
Square Creek*
Wagon Coulee Tack On* 
Carpenter Creek*
Duck Creek*
Gumbo Plateau*
Caravan*
South Fork Willow Creek* 
Roosevelt Coulee* 
Browning*
Lone Tree*
Marsh Hawk Hills*
Grant Coulee*
Pearson Coulee*
Mud Creek*
Hurricane*
Beaverette Creek*
Coyote Creek*
Moss Coulee*
Miller Coulee*
Sage Hen Creek*
Seventh Parallel*
North Fork Brazil Creek* 
South Fork Antelope Creek* 
Antelope Creek*
Eagles Nest 
Canyon Coulee 
Rock Creek 
Bitter Creek 
Willow Creek 
Crow Creek 
Frenchman Creek East 
East Fork Crow Creek 
Little Flat
East Beauchamp T-O* 
Beauchamp Tack On*
East Bridge Coulee*
Billy Creek Tack On*
Cabin Creek 
Timber Creek 
Plenty Creek 
Ash Creek*
Lone Tree-Ash*
Sand Arroyo*
Shade Creek*
McGuire Creek*
Germaine Coulee*
S. Fork Little Squaw Creek* 
Jack Lane Coulee* 
Lodgepole Creek*
MT-065-307 Phillips 5,200
MT-065-313 Phillips 14,300
MT-065-314 Phillips 5,000
MT-065-315 Phillips 6,900
MT-065-320 I Phillips 13,760
MT-064-323 I Valley 10,800
MT-064-325 I Valley 320
MT-064-326 I Valley 10,000
MT-064-328 I Valley 6,400
MT-064-329 I Valley 15,640
MT-064-330 I Valley 5,580
MT-064-331 I Valley 10,800
MT-064-332 Valley 7,500
MT-064-333 Valley 7,680
MT-064-335 Valley 43,520
MT-064-336 I Valley 78,340
MT-064-337 I Valley 68,560
MT-064-338 I Valley 23,840
MT-064-339 Valley 5,760
MT-064-340 I Valley 7,040
MT-064-341 Valley 18,056
MT-064-342 I Valley 22,430
MT-064-343 I Valley 20,160
MT-064-345 Valley 12,220
MT-064-346 I Valley 7,540
MT-064-347 I Valley 6,660
MT-064-348 I Valley 7,960
MT-064-350 I Valley 6,160
MT-064-352 I Valley 15,840
MT-064-353 Valley 10,120
MT-064-354 Valley 12,800
MT-064-355 Valley 14,440
MT-064-356 I Valley 53,640
MT-064-357 I Valley 39,040
MT-064-358 I Valley 11,480
MT-064-359 I Valley 44,840
MT-064-360 I Valley 20,940
MT-064-361 I Valley 13,940
MT-065-365 I Phillips 960
MT-065-366 I Phillips 2,680
MT-024-632 I Big Dry 7,300
MT-024-633 I Big Dry 3,480
MT-024-634 I Powder River 7,030
MT-024-635 I Big Dry 6,500
MT-024-636 Big Dry 5,600
MT-024-641 Big Dry 7,680
MT-024-642 I Big Dry 19,040
MT-024-643 I Big Dry 6,990
MT-024-645 I Big Dry 9,720
MT-024-646 I Big Dry 13,440
MT-024-648 I Big Dry 5,065
MT-024-649 I Big Dry 16,400
MT-024-650 I Big Dry 8,540
MT-024-652
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I Big Diy 7,580
North Squaw Creek* MT-024-653 I Big Dry 7,250
Squaw Creek* MT-024-654 I Big Dry 7,070
Seven Blackfoot* MT-024-657 I Big Dry 19,800
Maloney Hill* MT-024-661 I Big Dry 19,480
Crooked Creek* MT-024-662 I Big Dry 6,530
Woody Flat* MT-024-665 I Big Dry 9,800
Cairn Butte MT-024-671 I Big Dry 5,270
Big Wild Horse Creek MT-024-672 Big Dry 11,050
Bridge Coulee* MT-024-675 I Big Dry 5,650
Calf Creek* MT-024-676 I Big Dry 9,000
Musselshell Breaks* MT-024-677 I Big Diy 8,200
Lang's Fork MT-024-678 Big Dry 6,872
Lisk-Cherry MT-024-679 I Big Dry 6,150
Terry Badlands MT-024-684 I Big Dry 42,950
Brackett Creek MT-024-685 I Big Dry 14,030
Cottonwood Creek MT-024-688 Big Dry 4,900
O'Fallon Creek MT-024-693 Powder River 5,000
O'Fallon-Cabin MT-024-694 Powder River 9,400
Tenmile Creek MT-024-694 Powder River 5,000
East Hell Creek T-O* MT-024-699 I Big Dry 160
Zook Creek MT-027-701 I Powder River 9,720
Buffalo Creek MT-027-702 I Powder River 7,940
Buck Creek MT-027-703 I Powder River 7,280
Rough Creek MT-027-704 I Powder River 5,400
Powderville MT-027-706 Powder River 6,360
Pocochedie Creek MT-027-707 Powder River 10,520
Dry Creek MT-027-709 I Powder River 8,480
Spring Creek MT-027-710 I Powder River 9,960
Deadboy Creek MT-027-711 I Powder River 60,500
Corral Creek MT-027-712 I Powder River 37,480
Bell Creek MT-027-713 I Powder River 5,862
Muskrat MT-027-714 I Powder River 7,480
Cottonwood MT-027-715 I Powder River 36,240
Prairie Dog MT-027-716 I Powder River 39,720
Beaver Dam MT-027-717 I Powder River 10,040
Indian Creek MT-027-718 I Powder River 16,540
Owl Creek MT-027-719 I Powder River 14,667
Fence Creek MT-027-721 I Powder River 6,110
Cottonwood Creek MT-027-723 I Powder River 6,590
South Butte Creek MT-027-724 Powder River 5,760
Horse Creek MT-027-726 Powder River 5,420
Hay Creek MT-027-727 Powder River 5,180
Willow Creek MT-027-729 I Powder River 6,464
Whitetail MT-027-730 I Powder River 5,850
Alkali Flats MT-027-731 Powder River 6,850
Crow MT-027-732 I Powder River 20,860
Deadman Creek MT-027-733 I Powder River 9,540
Whitetail Creek MT-027-734 I Powder River 6,250
Tongue River Breaks T-O MT-027-736 I Powder River 2,004
King Mountain T-O MT-027-737 Powder River 1,185
North Cottonwood MT-027-738 Powder River 5,890
North Butte Creek MT-027-739 Powder River 13,060
(From BLM Roadless Inventory Maps, 1979)
3 8
Total Roadless Acreage 2,467,511 acres (36% of BLM districts' acreage)
Total Intensive Inventory Acreage 1,920,501 acres (28% of BLM districts' acreage)
I = considered in the BLM intensive inventory 
* = BLM roadless area in the proposed core reserve (1,470,895 acres)
Charles M. Russel National Wildlife Refuge (760,000 acres)*
Roadless Area Acres
A.Antelope Creek 5,390
B. Mickey Butte 17,880
C. Burnt Lodge 26,520
D. Sage Creek 10,790
E. Sheep Creek 13,080
F. West Hell Creek 13,480
G. Snow Creek 6,760
H. Billy Creek 11,900
I. Seven Blackfoot Creek 28,500 
J. Lost Creek 11,500
K. Alkali Creek 7,990
L. Crooked Creek 14,340
M. Fort Musselshell 8,010
Total Roadless Acreage 176,140 (23% of refuge's acreage)
*= all of the CMR NWR land is in the proposed core reserve (760,000 acres)
The Geographic Information System (GIS) maps that accompany this plan (Figures 
3 and 4, and in back pocket) were generated by digitizing BLM roadless areas in the Miles 
City and Lewistown districts and overlaying data that was already digitized and available. 
The BLM (unlike the Forest Service) does not yet have roadless or land ownership data 
entered into a computer GIS system.
BLM Montana Initial Wilderness Inventory Map (February 1979) roadless areas 
were digitized with an Altek Digitizer (precision = .005 inches). The 1:500,000 scale map 
included all potential BLM roadless areas of 5,000 acres or more, eligible for Wilderness 
designation under current regulations. Roadless areas of 5,000 acres or greater that have 
current mining or drilling activity or other major developments were excluded as ineligible 
for Wilderness designation. I manipulated this information with the GIS software Arclnfo 
3.4.2. I then overlaid the roadless areas with information from the Montana Natural 
Heritage Program's Natural Resource Information Service (NRIS). Information included
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National Wildlife Refuges, Indian reservations. National Forest Land, USES Natural 
Research Areas, BLM Areas of Critical Environmental Concern, private land easements, 
lakes, county lines, highways, cities, hazardous waste sites, and mine sites. I then entered 
the boundaries for the proposed core reserve and the proposed national park.
All roadless areas outlined here and on the maps are protected under the proposed 
Montana High Plains Ecosystem Recovery Plan, which prohibits all extractive activities, 
including livestock grazing. The entire Charles M. Russell National Wildlife Refuge will 
also be protected from all extractive activities under the proposal.
All of the nearly contiguous roadless BLM lands surrounding the Russell Refuge 
(and the refuge itself) comprise the core area of the reserve (2,230,895 acres) and will be 
tested here for suitability for housing viable populations of wildlife species. The other 
areas under the proposal’s protection will serve all of the functions of healthy landscapes 
and may in the future be linked to the core reserve in order to allow animal and plant 
migration and genetic interchange. The public lands not protected under the proposal 
should be managed as multiple use buffer zones that could serve as corridors between the 
future core reserves.
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Figure 3 -  BLM Roadless Areas and Montana Land Status in the Great Plains
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Figure 4 — Mine and Hazardous Waste Sites near the Core Reserve
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Im plem entation of the M ontana High Plains Ecosystem Recovery Plan
Because of the lack of resolve by past Secretaries of the Interior» a new vision must 
arise for the protection of public lands in eastern Montana. The people must take this 
vision to Congress in the form of an ecosystem protection act The current means of public 
lands protection under the Wilderness Act have failed to adequately protect grasslands, so a 
new method must be employed. Using the general idea of protecting large roadless areas 
(as per the Wilderness Act), this plan ventures further to protect more than museum pieces 
of the prairie. The Montana High Plains Recovery Plan focuses on large contiguous blocks 
of roadless public land for protection, and prohibits activities that have typically been 
excluded from the Act in the past As previously stated, private ranching on public lands 
will be phased out over a ten year period (the life of an allotment lease) in all areas 
designated Wilderness. People may argue that there is no precedent for eliminating 
ranching from Wilderness areas, but before the Act passed there was no precedent for 
Wilderness designation, before the 1980s there was no precedent for ecosystem protection 
acts such as NREPA, and before 1976 there was no precedent for Wilderness protection on 
BLM lands. With new information and new demands by the public, new visions arise.
The Montana High Plains Ecosystem Recovery Plan will phase out grazing over ten 
years on the lands designated by the act. In eastern Montana, even though this radical 
proposal would protect nearly 3 million acres for biodiversity, only about 1,000 permittees 
would be affected (based on around 30% of public lands ranchers on BLM and USFWS 
land in eastern Montana). To smooth the transition, affected ranchers would be eligible 
under the act for financial assistance if they withdrew the permit before the tenth year. The 
act provides the rancher three options, the choice being left to the permittee (after ONDA 
1992):
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Option 1: Quit now — rancher paid severance payment at 100% of fair market value for his 
AUMs permit: or
Option 2: 10% annual ramp down in severance payment with free grazing — Severance 
payment equals the percentage of fair market value based on portion of decade remaining. 
For example, if a permittee grazes seven years for free, then stops with three years left, the 
rancher is paid 30% of fair market value for his AUMs permit; or
Option 3: Graze free for ten years -- No severance payment, but rancher allowed to graze 
free during 10-year phase-out period.
Funding for the buyout of permits would be generated from savings in expenditures 
directly and indirectly related to grazing that would no longer be required on designated 
protected areas.
The designation of the Wilderness areas on BLM lands and in the Charles M. 
Russell National Wildlife Refuge would be effective immediately upon passage of the act, 
and the Grasslands International Peace Park would be designated as described above, with 
further land purchases to consolidate the Park as Land and Water Conservation Funds 
arise. Incidentally, the United States can acquire land from states by any legal means, and 
the FLMPA of 1976 authorizes the BLM to sell lands that are (1) difficult to manage, (2) no 
longer needed by the United States, or (3) better utilized if not federally owned. These 
lands must be conducted by competitive bidding, and be of fair market value. The lands 
sold for these reasons could allow the BLM to purchase additional lands for consolidation 
of the National Park, Another method of land acquisition is also used. Exchanges of 
federal lands for private lands are more common than sales, because the latter type of 
transfer reduces the amount of federal property. Most exchanges occur either to ensure 
access, or to eliminate private "islands" within federal property.
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VIABLE W ILD LIFE POPULATIONS
Scientists often assess the health and stability of an ecosystem reserve using key 
indicator species (Noss 1992). For an ecosystem recovery strategy, large and wide- 
ranging carnivores such as bears, wolves, cougars, or wolverines are ideal target species 
(Noss 1992). Many key indicator species require large tracts of land under optimal (i.e., 
closest to natural) management conditions in order to survive in isolation from other 
populations of that species. Moreover, key species often are most sensitive to interaction 
with humans or human disturbances. If certain key species (sometimes called "umbrella" 
species) survive or are capable of surviving in viable numbers in a reserve, chances are that 
many other species are capable of surviving there. The ultimate goal of a reserve area is to 
preserve biological diversity, or the maximum number of species possible. Thus the size 
of a reserve necessary to sustain viable populations of "umbrella" species is one indicator 
of the reserve capacity to meet this goal.
Several factors influence how large a reserve must be to support viable wildlife 
populations of key species. First, the minimum number of individuals in a population 
needed to guarantee a high probability of survival over time, or a minimum viable 
population (MVP), must be determined. Usually, a minimum viable population estimate is 
derived from the effective population (an ideal population of breeding individuals produced 
each generation by random union of an equal number of male and female gametes randomly 
drawn from the previous generation). Ne, in a population of size N (Soulé 1987, Shaffer
1981). Once numbers for the total and effective population sizes necessary for viability are 
determined, habitat adequacy should be evaluated. Resources are often related to land area, 
at least in homogeneous systems. Animal density is related to the type of resource use in 
the area and the capacity of the land. Areas, then, will differ in the number of animals per 
square mile they can maintain. After determining the adequacy of habitat, we can
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approximate how much land area is necessary to sustain this minimum viable population by 
dividing the number of individuals necessary for an MVP by population density. By doing 
this, we can determine approximately how large a reserve must be to ensure at least short­
term survival of the species.
In this instance, I will work in the opposite direction. Available reserve area will be 
determined and density figures from other locations will be used to estimate how many 
bison and mountain lions could survive in the core reserve area under management 
conditions outlined in the recovery plan. Then it wUl be determined whether this falls into 
the range of viable population numbers for each species. I have chosen mountain lions 
(Felis concolor) because they are a low-density, wide-ranging carnivore which needs large 
tracts of wild lands to survive, and because they are, as predators, essential to ecosystem 
health. For example, mountain lions have been shown to prevent "yarding" by deer and 
elk thereby dispersing overabundant game populations and lessening accompanying habitat 
degradation (Homocker 1967). Mountain lions are also important in culling the least "fit" 
animal in a herd, thus selecting for healthy prey populations. Bison {Bison bison) will also 
be a species I will use because they are the largest native herbivore historically found in the 
region (and the largest terrestrial animal in the United States (Brown 1985)), and typically 
require large areas. Bison and the shortgrass prairie evolved together so are important to 
each other's health. Both of these species are also sensitive to human activity and therefore 
require large reserves of wild land in which to live.
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Test Area
The lest area that I have chosen is the core reserve which does not include all of the 
lands included in the recovery plan. The core area is comprised of nearly contiguous 
roadless areas surrounding and including the Charles M. Russell National Wildlife Refuge 
(Figures 3 and 4). These lands are essentially connected to allow for individuals to 
exchange gene flow and live as a single population. The size of the reserve is 2,230,895 
acres or 3,485.8 square miles (9,028.15 square kms). The areas outside the core are 
scattered but can serve other purposes such as reserves for rare plants and contribute to the 
health of the area even if they cannot support viable populations of all native species on 
their own. Eventually, these areas may even be linked to the core area and allow migration 
from different metapopulations.
Minimum Viable Population Criteria
The number of effective breeders that comprise a minimum viable population is not 
a particular magic number (Thomas 1990), but a range of values that determine the chance 
of ultimate survival. This is because extinction is probabilistic and because each minimum 
viable population must be estimated separately, after considering characteristics of the 
population and environment under scrutiny. It is necessary, however, to accept the 
inevitable fact that the smaller an isolated population is, the smaller its chances for survival. 
Or in other words, the fewer individuals in isolation, the shorter time to species extinction. 
So in establishing a reserve, the size is as important as the management. Species that enjoy 
optimal habitats are still doomed to extinction in isolated reserves that cannot maintain an 
MVP.
Several factors lead to species extinction in populations of insufficient size or in
insufficient area. One can classify them into two categories, extrinsic and intrinsic.
Extrinsic factors are those that relate to the species' "natural" environment, such as disease,
fire, floods, avalanches, windfalls, and other natural disasters. Intrinsic factors, which we
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are more concerned about here, can be demographic, genetic, or behavioral. Of the 
intrinsic factors, I am looking primarily at genetic ones.
Conservation biologists use several common methods to determine MVPs in 
isolated populations. Unfortunately, to date no model has been developed that integrates all 
methods satisfactorily (Thompson 1991). Rules of thumb prescribe single 'safe' levels of 
abundance. Analytic approaches give explicit solutions for quantities such as effective 
population size, mean time to extinction, and the probability of extinction as a function of 
time. Simulation approaches provide a flexible method for estimating nearly any quantity 
of interest Generally, the last two approaches are used to determine MVPs (and other 
quantities) in a population that already exists, not on a theoretical population that will be 
reintroduced or will recolonize naturally; for at a minimum one must know sex ratios, 
mortality and fecundity rates, mean and variance of age, and dispersal rates (Shaffer 1981). 
These models provide a means of translating the viable effective population values given by 
rules of thumb into equivalent census population sizes. Analytic and simulation approaches 
can work in conjunction with general rules of thumb to study birth and death rates, sex 
ratios, and other factors of a certain population to determine the effective population size. 
Once simulations are complete, the resulting values can be applied to rules of thumb such 
as the 50/500 rule to determine if the effective population falls within the range of 'safe' 
levels.
The most commonly used rule of thumb in estimating MVPs is the 50/500 rule first 
advanced by Franklin (1980) and Soulé (1980). This rule prescribes a short-term effective 
population size (Ng) of 50 to prevent an unacceptable rate of inbreeding and a long-term Nq
of 500 to maintain overall genetic variability. Franklin (1980) prescribed the short-term 
Ne=50 rule to correspond with an inbreeding rate of 1% per generation, or about half the 
maximum level tolerated by domestic animal breeders. The long-term Ne=500 prescription 
is an attempt to balance the rate of gain in genetic variation due to mutation with the rate of 
loss due to drift. This prescription is based on a genetic study of bristles in Drosophila
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(Franklin 1980). As Grant Thompson (1991) emphasized in a NO A A Technical 
Memorandum for the NMFS, "these prescriptions are classified here as rules of thumb not 
because they are based on primitive or inelegant science (they are not), but because they 
have been suggested for use in an across-the-board, 'one size fits all' fashion (Thompson
1991)."
Critics have noted that the rule of thumb approach to MVPs lacks any single, 
broadly applicable ratio between effective and total population size (Thompson 1991). 
Although biologists have studied N^/N ratios for a number of animals, only broad ranges 
have been determined (Soulé 1980), so a conservative estimate is best used to determine 
safe levels of abundance. For the purposes of this recovery plan, the 50/500 (short-term 
Ne / long-term Ne) rule of thumb is the most useful guideline if accompanied by simulation 
and field data on bison and mountain lion effective populations in other areas. Because 
factors such as birth and death rates, sex ratios, and other variables cannot be accurately 
estimated for a population that does not exist, we must rely on simulations from other 
populations, such as the Wichita Mountains bison study (Shull and Tipton 1987) and the 
Florida Panther viability analysis (Ballou et al. 1989), for comparison. To conduct a 
simulation model based purely on conjecture about a theoretical population would be of 
little value (Harris and Allendorf 1989, Taylor 1994). Ruggiero et al. (1994), in 
discussing viability analysis in biological evaluations, say that ideally Population Viabilty 
Analysis models "should be conducted for all populations when the potential impacts of 
management are a concern. But given the limited availability of demographic and 
ecological information this is unlikely to happen...application of ecological rules of thumb, 
when data are lacking, [should be used] to develop defensible impact assessments."
Practical applications of the 50/500 rule have been used by a number of 
conservation biologists in determining the viability of certain populations and in 
recommending size requirements for proposed reserves. Armbruster and Lande (1993) 
estimated a minimum size for African elephant reserves using the 50/500 rule combined
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with known elephant densities and Ne/N ratios, to determine that an effective population of 
500 African elephants requires 1000 square miles of habitat. They state that "this is 
consistent with the generally accepted effective population size of 500 necessary to maintain 
typical levels of genetic variability for quantitative characters in a population (Armbruster 
and Lande 1993)." They deemed that an effective population of 500 is necessary to 
provide a 99% probability of persistence for 1000 years (after Shaffer 1981).
What, then, is the minimum size of a viable population? Or, as population size 
decreases, at what point does the risk of extinction become unacceptably high? As C.D. 
Thomas states in Conservation Biology (September 1990), "many focal species are too 
poorly known to calculate their MVPs and Minimum Dynamic Areas. Land use decisions 
will be made before the detailed information necessary to calculate specific MVPs has been 
obtained and incorporated into appropriate models. It might, however, be feasible to 
estimate population densities to represent focal species, and measure their home ranges. 
This less detailed information could then be used to make preliminary conservation 
recommendations, sometimes decades before more accurate MVP and Minimum Dynamic 
Area estimates could become available. To do this requires MVP guidelines, if not quite 
'magic numbers.' The purpose of this note is to use empirical data from animal 
populations to provide rough, interim estimates of population sizes that would be likely to 
permit medium- to long-term persistence." This is the methodology used here.
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Densities of Mountain Lions and Bison
Assuming that we have a core area that is managed primarily for wildlife protection 
and allows for the movement of individuals throughout the contiguous public roadless 
areas, we must determine how many bison and mountain lions may be able to survive here. 
Densities of these species when in a nearly "natural" environment can be used to estimate 
reserve capacity. Variation in habitat type must also be accounted for to estimate probable 
densities in Montana's High Plains.
Mountain lions (also known as cougars, pumas, panthers, painters, catamounts, 
and wildcats) are the most widely distributed large carnivore in North and South America 
(Young and Goldman 1946). Of all the American carnivores the mountain lion is the one 
that has the most extensive historic distribution. In Montana mountain lions are found in 
46 of 56 counties but were historically present in all parts of the state (Williams 1992). The 
subspecies found throughout Montana, Felis concolor missoulensis, has been reported to 
follow water courses into the more open prairie country of eastern Montana, and was 
common in the Missouri Breaks country in the early 19th Century (Young and Goldman 
1946). Although mountain lions are often thought of as creatures of the mountains and 
forests, studies of mountain lions along the Rocky Mountain Front of Montana (Williams
1992) showed that the lions preferred the prairie lands to the steeper mountain slopes and 
lived in a higher density here. The riparian areas served as stalking and feeding cover, 
emphasizing the importance of such areas. Lions here were also observed traveling on 
shortgrass prairie with no canopy cover. Lion country is usually characterized as rocky, 
but their range of habitats is varied, with mountain lions usually preferring lower ridges 
and slopes where the cover is thicker and the game more plentiful (Hibben 1937). They do 
not seem to favor extremely high country and are seldom found in high timberline or tundra 
country. Contrary to popular perception, mountain lions are quite proficient swimmers.
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and have been found swimming rivers a mile and a half wide, without difficulty (Young 
and Goldman 1946).
Mountain lion density data varies across North America. Maurice Homocker 
(1967) found in one Idaho drainage in the present day Frank Church/River of No Return 
Wilderness Area that individuals had overlapping territories of which none belonged 
exclusively to a single animal. Strife was kept rare by "mutual avoidance" behavioral 
mechanisms. Twenty five to thirty lions inhabited the 518 square kilometer study area 
during the study period. This constitutes a winter density of approximately 4.8 to 5.5 lions 
per 1(X) square kilometers (Homocker 1967).
Ross and Jalkotsky (1992) for 5 years studied home ranges and densities of lions in 
the Sheep River area on the eastem slope of the Rocky Mountains in southwestem Alberta. 
The study area of 780 square kilometers ranged from 1,280 m in the rolling ranchlands in 
the east to 2,740 m in the front ranges of the Rocky Mountains. Most of the area was 
foothills below 2,000 meters. The following densities were calculated by Ross and 
Jalkotsky (1992) over the study period by dividing the total population estimate by the 
study area size:
Total Density (cougars/100 km^)
2.7-3.3
3.8-4.1
3.8-4.1 
4.5-4.7 
4.2
Ross and Jalkotsky (1992) report that seasonal and annual home ranges for male and
female cougars in the Sheep River area were intermediate in size compared with those
recorded elsewhere. Smaller home ranges have been reported in Califomia where habitat
may be more productive, while larger home ranges have been recorded for cougars in
Southcentral Utah and southem Texas (Ross and Jalkotsky 1992). Major factors
52
Year Total Population
1984 21-26
1985 30-32
1986 30-32
1988 35-37
1989 33
controlling home range sizes in different areas are habitat quality for prey and the 
availability of stalking cover. Cougar hunting was permitted in the study area in January 
each year and during autumn before 1985. The population increased with the shortened 
hunting season, as sport hunting accounted for 62.5% of known mortality for all adults.
Frederick Lindzey et al.(1994) monitored size and composition of a southem Utah 
cougar population over a 1,900 square kilometer area during 1979-87 to document the 
dynamics of this unhunted population and to test the hypothesis that cougars would 
regulate their density at a level below that set by prey abundance alone. Elevation in the 
area ranged from 1,350 to 3,335 meters. Densities for the nine year study are as follows: 
Year Total Population Total Density (cougars/lOOkm^)
1979 15 .79
1980 22 1.16
1981 19 1
1982 11 .58
1983 14 .74
1984 19 1
1985 24 1.26
1986 25 1.32
1987 26 1.37
James Williams (1992) completed a study of mountain lion home range and 
distribution on the east slope of the Rocky Mountains 24 km west of Augusta in Lewis and 
Clark county, Montana. The 2,127 km^ study area was located in a geographically 
complex transition zone between the relatively level, low elevation (appr. 1300 m) Great 
Plains to the east and the high elevation (appr. 2500 m) ranges of the Rocky Mountain 
Front to the west Mean annual home range size was among the smallest reported in the 
literature, and mean annual home range size for prairie-front mountain lions was smaller 
than for mountain lions that utilized interior areas by about half.
Mountain lion populations in Montana have expanded in the last 30 years since 
classification as a game animal. Consequently, mountain lions now occupy much of their 
former range in Montana and are probably colonizing new habitats. The study monitored 
25 mountain lions in 1991-92 and showed a density of 1.18 lions per 100 square
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kilometers. This density is probably abnormally low considering the small home range size 
of the lions here and may be due to heavy hunting pressure or mixture of public land and 
private ranchland, which would tend to decrease usable habitat. So while the overall 
density in the study area is relatively low, the small home range sizes suggest that densities 
could be very high here and in other Montana prairie and ecotone habitats under more 
favorable management conditions.
Thomas Hemker et al. (1984) reported other mountain lion densities throughout the 
country:
Source Location Density (lions/100 km^)
Homocker 1967 Idaho 4.8-5.5 (winter)
Seidensticker 1973 Idaho 2.1-7.4 (winter)
Sitton 1976-77 Califomia 3.5-4.4 (year-round)
Shaw 1977, 1979 Arizona 3.2-3.5 (year-round)
Kutelick 1980 Califomia 1.5-3.3 (year-round)
Ashman 1976, 1981 Nevada 1.4-1.6 (annual)
Hemker 1984 Utah 1.1 (non winter)
Currier 1977 Colorado 1.7-3.3
Ross & Jalkotsky 1992 Alberta 2.7-4.7
Williams 1992 Montana 1.18
Lindzey 1994 Utah .58-1.37
Mountain lion investigations have shown a great range in densities. In southem 
Utah, densities were lowest (.58 - 1.37 lions per 100 square km) probably due to the 
climatic extremes and low prey densities. Similar low figures have been reported in 
Nevada (1.4 -1.6 lions per 100 km^). It is difficult to say what density would ultimately 
occur in a healthy High Plains core area because there are few studies on mountain lions 
densities in the shortgrass prairie. However, studies in wilderness areas including the 
Frank Church / River of No Return Wilderness Area in Idaho show densities of 4.8 to 7.4 
lions per 100 km^. Studies in Southwest Alberta on the eastem front of the Rocky 
Mountains including some rolling lower elevation ranchlands indicate a cougar density of 
2.7 to 4.7 lions per 100 km^.
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A conservative estimate of possible mountain lion density in the central Montana 
prairie core reserve would be 2.5 lions per 100 km^, allowing an eventual population of 
approximately 225 individuals. The 2.5 lions per 100 km^ is a conservative estimate 
because it is lower than almost all of the density figures coming from Idaho studies, the 
nearest state. It is also lower than density figures from the Alberta Rocky Mountain Front, 
possibly the most similar habitat type of any of these studies. In fact, the only studies in 
which this density falls out of the range of figures are in Utah and Nevada, two areas of 
more extreme climate and lower prey densities. The density figure for the Montana study is 
most likely artificially low because the average home ranges of the lions here, which are 
among the smallest recorded, do not coincide with a high density of lions.
Bison {Bison bison), also known as American buffalo, were once common 
throughout the Great Plains of Montana but survive today only on private bison ranches, in 
a semi-wild state on the National Bison Range, and in the wild in Yellowstone National 
Park, The most extensive and typical roaming grounds of the Bison in Montana, the wide- 
open prairie, have not seen these animals for more than 100 years. Bison réintroduction 
has occurred in several areas recently, the most celebrated being the réintroduction in the 
Nature Conservancy's Tallgrass Prairie Preserve in Oklahoma. Bison today are 
exceptional survivors. In fact, there have been no unsuccessful réintroductions into prairie 
environments (Berger 1994). Numerous populations have been so successful that hunting 
and regular culls are now permitted. Density figures from other areas in North America 
can provide a basis for determining possible densities in the outlined core area.
The range of densities from studies is wide, and this is probably due to a number of 
factors, including how free-roaming the herd is, what the habitat is like, and what sort of 
management occurs. In small parks and on bison ranges, the density is very high while the 
less managed, more free-roaming bison populations are generally less dense. The 
sanctuaries for wood bison are generally large, with little management, and in the extreme 
north of Canada. These densities are the lowest on the continent. The National Bison
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Range in Montana, however, is small (18,000 acres), the bison not free-roaming and 
heavily managed. Here the density of bison is among the highest on the continent.
Allen (1967) argues that the once held myth of a single immense herd migrating 
annually from Canada to Mexico has been discredited. Single herds have estimated 
migration distances no more than 200-300 miles (Allen 1967). Bison herds in Wood 
Buffalo National Park in Canada migrate from 25 to 30 miles and follow the availability of 
food in regard to snow cover and thaw (Allen 1967). Herds consisting of about 40% of 
the animals in the Park did not migrate at all, but remained year-round on "summer" or 
"winter" range (Allen 1967). Herds in Yellowstone National Park (Wyoming) have a 
predictable seasonal migration of only 10 to 25 miles (Allen 1967).
Home ranges and migratory distances are larger in Wood Buffalo (a different 
subspecies) populations than in plains bison populations. Nicholas Larter (1990) studied 
the Mackenzie bison population in the Northwest Territories of Canada and found that the 
2,405 Wood Buffalo in the sanctuary were at a density of 27 animals per 100 square 
kilometers. Studies in Wood Buffalo National Park by Allen (1967) and others have 
shown a density of only 10 Wood Buffalo per 100 square kilometers.
Berger (1994) compiled density figures for populations of Bison throughout the 
United States, ranging from the dense managed herds of the National Bison Range to the 
less dense free-roaming herd at Yellowstone National Park. These are some illustrative 
examples:
Study
Berger 1994 
Halloran 1968 
Shaw & Carter 198 
Rutberg 1986 
de Jong 1990 
de Jong 1990 
de Jong 1990
Area Population Density <
Badlands 1985-89 500 125-202
Wichita Mts 1959-66 346
Wichita Mts 1981-89 700 230
Ntnl. Bison Range 350 433
Yellowstone N.P. 2,500 28
T. Roosevelt N.P. 550 193
Wind Cave N.P. 410 358
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From the density figures discussed above, we can determine a range of numbers for 
how many bison might be able to live in the core reserve. Recent investigations of both 
plains and wood bison in the United States and Canada show a range of population 
densities from 10 to 433 bison per 100 square kilometers. The two lowest density figures 
(10 and 27 bison per 1(X) km^) reflect wood bison densities in Canada and are probably 
lower than the potential density in the American Great Plains. The lowest density in the 
U.S. (28 bison per 100 km^) is in Yellowstone National Park where the figure is also low 
due to the scarcity of usable, low-elevation habitat Similarly, the highest density reported 
in the U.S. (433 bison per 100 km^) occurs in a highly managed population of animals on 
the National Bison Range and is most likely artificially high. We cannot be sure what the 
density would ultimately be in the core area, but a good comparison would be with 
Theodore Roosevelt or Badlands National Parks where densities range from 125 to 202 
bison per 100 km^. Because of a similarity in elevation and habitat an estimate of 150 
bison per 1(X) km^ is a reasonable and responsible estimate for density in the core reserve. 
This density is lower than in Theodore Roosevelt Park and is below the average density (of 
163 bison per 1(X) km^) found in Badlands National Park. Such a density would indicate 
that a population of about 13,5(X) bison could thrive in the recovered core area.
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Population Viability Analyses
The next question is if bison and/or mountain lion effective population is sufficient 
to ensure at least short term viability for the species in isolation. For most large mammals 
the effective population is approximately one third to one quarter of the total adult 
population (Soulé 1980). A study completed in 1987 by Shull and Tipton, however, found 
the effective population of bison on the Wichita Mountains Wildlife Refuge to be a 
significantly smaller fraction. A stochastic computer model that calculates effective 
population size (Ne) of a stationary bison population was used to examine the effects of 
changes in demographic parameters on Ne and to analyze the genetic implications of 
different management strategies. The results demonstrated that the effective population size 
in bison ranged from 8.4% to 29.6% depending on various management practices. The 
mean Ne/N ratio in eight hypothetical bison populations with differing fertility and
mortality rates was 16% . Sixteen percent of the estimated 13,500 bison that could in 
theory live in the core reserve gives us an effective population size. Ne, of 2,176 bison.
In 1989, the Captive Breeding Specialist Group (Ballou et al.) performed a 
population viability analysis for the Florida panther, Felis concolor coryi, a different 
subspecies of the mountain lions found in Montana, Fells concolor missoulensis. Through 
their data collection in the field, the group determined that 48% of the adult Florida panther 
population bred during the study period of one generation (seven years). These data 
suggested that the effective of the population size is at most 50% of the number of adults. 
Since any variation in the number of offspring produced by these adults reduces the 
effective size, they used 25% as the lower bound and 50% as the upper bound for the 
estimates of the ratio of effective size to the number of adults. Using these effective 
population ranges, the value of Ne in the proposed core reserve would be from 56 to 112 
mountain lions.
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Calculations for Determining Effective Population Sizes 
in the Core Reserve
Proposed Density X Size of Core Reserve = Capacity
150 bison/1 OOkm̂ X 9,028.15 km2 13,500
2.5 lions/100km2 X 9,028.15 km2 225
Capacity X % Breeding = Effective Population (Ne)
13,500 X .16 = 2,176 bison
225 X .25 - .50 — 56 - 112 mountain lions
Ne=50: short-term effective population size to prevent an 
anucceptable rate of inbreeding; corresponds with an inbreeding rate 
of 1% per generation, or about half the maximum level tolerated by 
domestic animal breeders.
Ne=500: long-term effective population size to balance the rate of 
gain in genetic variation due to mutation with the rate of loss due to 
drift.
Ne=5,000: new study by Lande (1995) shows long-term effective 
population size may be an order of magnitude greater
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D iscuss ion
If the censused and the effective populations of bison are fully realized in the core 
area, the population has a high probability of viability in isolation over the long term. The 
potential effective population of 2,176 (13,500 individuals) is well above the recommended 
Ne of 500 needed to preserve genetic variation and minimize the effects of genetic drift As 
C.D. Thomas (1990) notes, "a mean size of 1,000 (total population) may often be 
adequate, provided the population does not inhabit particularly short-lived habitats, and 
provided the mating system does not result in a small percentage of the population 
producing most of the offspring." Soulé and Simberloff (1986) concluded that "thoughtful 
estimates of MVPs for many animal species are rarely lower than an effective size of a few 
hundred," corresponding to a censused population of approximately 1,000. Soulé (1987) 
and others (Salwasser 1984, Belovsky 1987) have suggested that a range of 1,000 to 
10,000 individuals will normally be sufficient to permit long-term demographic persistence 
and to satisfy genetic considerations. Or as C.D. Thomas (1990) concludes, "on the basis 
of empirical evidence, a [total] population size of 10 is far to small, 100 is usually 
inadequate, 1,000 is adequate for species of normal variability, and 10,000 should permit 
medium- to long-term persistence of the most variable birds and mammals." Recent 
experiments indicate, however, that in order to maintain normal adaptive potential in 
quantitative characters under a balance between mutation and random genetic drift, the 
effective population size should be about 5000 rather than 500 (Lande 1995).
The case with mountain lions is less clear. Obviously an effective population of 56 
to 112 (225 individuals) would only prevent an "unacceptable" inbreeding rate of 1% per 
generation; it would not be secure against normal population fluctuations that could bring 
the population into an extinction vortex, nor would it offset the rate of genetic loss due to 
drift with gain in genetic variation due to mutation. Some observed extinctions cited by 
C.D. Thomas (1990) can better show the probability of Felis concolor survival in an
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isolated population of this size: Jones and Diamond (1976) studied extinctions of bird 
populations from the Califomia Channel Islands. Over an 80-year period, 39% of 
populations estimated at fewer than ten pairs became extinct. Of populations numbering 10 
to 100 pairs, at least 10 percent became extinct Of populations between 100 and 1,000 
pairs, only one became extinct in the same period, and no cases of extinctions of bird 
populations of over 1,000 pairs were recorded. For all of the species studied, populations 
above 200 would be likely to persist for at least 50 years, and probably for 75 years.
It is critical to note that this study was performed on islands, with isolated 
populations. What has been discussed here are numbers of individuals required to maintain 
MVPs of completely isolated populations. A bison population would be in total isolation 
on the core reserve, but a mountain lion population may not be. Mountain lions are known 
to cover large areas in search of new territory, so a few new individuals entering the 
reserve every generation may increase the genetic variation of the entire population, making 
the population of 225 viable for a longer period. Réintroduction or natural recolonization to 
the core reserve is not a futile effort. C.D. Thomas (1990) makes the case for small 
populations (less than 1,000) as a conclusion to his paper on minimum viable populations:
There is no substitute for a thorough knowledge of the species and the habitats 
under consideration. Unfortunately, population sizes in the thousands are hard to 
attain for many vertebrates. Many of these animals now occur only as much 
smaller populations, even in the largest national parks. This does not mean we 
should give up, but conservation of these vertebrates will be effective only if aU 
relevant conservation bodies collaborate to ensure an adequate network of smaller 
populations (with artificial recolonizations and transfers if necessary). Populations 
that occupy habitat fragments that are far too small to hold thousands of individuals 
may still possess great conservation potential, particularly when populations are not 
completely isolated... Other small populations have survived and prospered: 
northern elephant seals recovered from about 20 to at least 30,000 individuals over 
a period of 75 years. These examples indicate that small populations should 
certainly not be abandoned as hopeless.
Whatever the case in the Population Viability Analyses, it is clear that the amount of
land in the proposed protected core area is a minimum at best that needs to be preserved for
viable populations of native fauna. The analyses show that a large area is necessary for
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viable wildlife populations, an area much larger than any the BLM currently manages for 
wildlife. An expansion of the core area may eventually be accomplished by land exchange, 
connecting corridors, and other means, increasing its effectiveness as a reserve for wildlife.
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BENEFITS OF THE MONTANA HIGH PLAINS ECOSYSTEM RECOVERY 
PLAN
Economic Growth and Diversification
The counties of eastem Montana have been experiencing economic and 
demographic decline since the 1930s. The 1988 population of the counties in the Judith, 
Valley, and Phillips Resource Areas (Fergus, Judith Basin, Petroleum, Choteau, Valley, 
and Phillips) reflects a pattern of steady decline since 1940. Approximately 29% fewer 
people lived in these counties in 1988 than in 1940 and the numbers continue to drop 
(USDI, BLM 1992). The population of this resource area is expected to continue to 
decrease through the year 2005 due to outmigration primarily among young adults. For 
example, in Fergus County, nearly 20% of the residents are over 65 years of age. The 
counties of Fallon, Garfield, McCone, and Prairie have declined by 16% between 1980 and 
1990 also with a steady trend of population aging. Carter, Powder River, Treasure, 
Carbon, and Wheatland Counties all had population declines in the past twenty years. All 
of this occurred while the state of Montana's population rose 13% from 1960 to 1980 
(USDI, BLM 1992).
There has also been a general decline in farm and ranching employment between 
1981 and 1988 (USDI, BLM 1992). According to the BLM, this "reflects the continued 
trend of consolidation and mechanization in the agricultural sector of the economy, a trend 
likely to continue as average ranch size increases (USDI, BLM 1992)." With shrinking 
populations and declining farm jobs, a new source of income is needed to provide secure 
jobs and economic growth to the communities. Increased tourism that parks and protected 
lands provide will bring new growth and income to the region. Counties with wilderness 
areas grow two to three times faster than counties without wilderness, according to a 
University of Idaho study (ONDA 1992). Nearby parks and wilderness attract new
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growth, diversify the economy, enhance the tax base, provide a more sustainable way of 
life, and end the boom and bust cycle found with resource extraction.
The forage used for ranching of cattle and sheep on BLM lands contributes only an 
estimated 3% of the personal income and employment in the six county Phillips, Valley, 
and Judith Resource Areas (USDI, BLM 1992). However, this use monopolizes 
practically all of the BLM land. Devoting more land to wilderness values of recreation, 
wildlife, and tourism would provide greater economic benefit to the region while protecting 
its natural resources. The BLM has stated that "long-term increases in recreation demands 
on BLM land" is inevitable because "tourism, vacation, and travel will grow nationally" 
(USDI,BLM 1992). The total economic benefit of tourism on BLM lands in the Judith, 
Valley, and Phillips Resource Area is $12,529,000 annually (USDI,BLM 1992), even with 
cattle ranching as the dominant use. This figure would rise dramatically with the creation 
of a series of protected wilderness areas. Tourist facilities, guide and outfitter services, 
lodges, dude ranches, restaurants, retail stores, and hunting and fishing clubs are just some 
of the new job opportunities this plan would create.
Ending government subsidies for environmentally destructive livestock production 
will save taxpayers 8 million dollars annually in eastem Montana alone. Aside from the 
monetary gain from halting direct subsidies, ending the indirect subsidies associated with 
range developments will benefit taxpayers as well. The associated costs of environmental 
degradation caused by public lands ranching will also drop because of wilderness 
protection. By protecting large tracts of wilderness, expenditures for endangered species 
recovery and habitat improvement can be avoided, and the cycle of subsidizing destructive 
practices and then paying to clean them up will end.
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Improved Hunting and Fishing
The Montana High Plains Ecosystem Recovery Plan will create dramatically 
improved hunting and fishing opportunities in the area because the removal of livestock 
will enhance habitat for elk, pronghorn, bighorn sheep, mule deer, and other game, and 
will allow for the réintroduction of bison. Recovery of riparian areas will greatly improve 
fish habitat by lowering the temperature of the rivers and creeks, by providing more fish 
cover and reducing siltation, and by producing more food for aquatic life. The available 
forage, which has been historically allotted mostly to cattle and sheep, will be available to 
wildlife species of all types. After bison have been reintroduced on the refuge and 
recovered to viable numbers, limited hunting of these animals would be an opportunity 
found nowhere else in the world. By allowing hunting and fishing on all Wilderness areas 
designated by this recovery plan, eastem Montana will become a world class sporting area 
rivaling the best in America.
Improved Recreation
Hikers, campers, backpackers, horseback riders, and photographers will be able to 
experience a huge complex of protected shortgrass unique to America, an area free of oil 
wells, mining sites, and cattle ranches. The Wild and Scenic Missouri River will become 
one of the finest wildlife viewing raft trips east of the Rockies. Visitors wUl enjoy the 
solitude and peace of mind found in highly scenic non-motorized recreation areas, while 
road visitors can enjoy the scenery free from unsightly ranching and mining operations. 
Hiking the Lewis and Clark National Historic Trail will become an experience that rivals 
those of the Appalachian or Pacific Crest Trails, which are enjoyed by millions of people 
every year.
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Healthy Shortgrass Prairie Ecosystem
The shortgrass prairie of Montana provides the best and one of the only 
opportunities for recovery of this ecosystem because of the abundance of public land here. 
The vast majority of shortgrass prairie in the United States is privately held and is ranched, 
farmed, mined, and developed in other ways that prevent its immediate recovery. It is of 
vital importance to protect at least one functioning representation of the shortgrass prairie 
and all of its components in order to ensure the survival of its biological components. It is 
a waste of time and money (and an ultimate failure) to attempt to protect habitat for a single 
species or to provide for small islands of recreation because the natural processes and 
species within an ecosystem depend on one another and require large tracts of land. Now 
is the time to end the litigious and costly conflicts that arise under the Endangered Species 
Act by allowing native plant and animal populations to recover. We know too little about 
all of the interactions (biotic and abiotic) in an ecosystem to allow plants and animals to go 
extinct. Every organism provides a benefit to human health and the general health of the 
ecosystem. Also, without large tracts of wilderness, untrammeled by humans, we lose our 
connection with the land and our sense of place on the earth. Without wilderness, the 
beauty and magic of the land in which we live disappears.
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APPENDICES
Appendix 1: Shortgrass Prairie: Typical Plants and Animais (partly from 
Audubon Society Nature Guides: Grasslands, pp. 62-63)
Mammals
Badger
Black-tailed Jack Rabbit 
Elk
Grasshopper Mouse 
Long-tailed Weasel 
Ord's Kangaroo Rat
Bison
Black-tailed Prairie Dog 
Fox Squirrel 
Gray Wolf 
Mule Deer
Plains Pocket Gopher 
PronghornPrairie Vole
Richardson's Ground SquirrelSagebrush Vole 
Striped Skunk Swift Fox
Western Harvest Mouse Western Jumping Mouse
White-tailed Jack Rabbit
Black-footed Ferret 
Coyote
Fulvous Harvest Mouse 
Grizzly Bear 
Northern Pygmy Mouse 
Plains Pocket Mouse 
Red Fox
Spotted Ground Squirrel 
13-lined Ground Squirrel 
White-tailed Deer
Birds
American Goldfinch 
Bam Swallow 
Brewer’s Blackbird 
Chestnut-collared Longspur 
Eastem Bluebird 
Field Sparrow 
Gray Partridge 
Lark Bunting 
Loggerhead Shrike 
Mourning Dove 
Red-tailed Hawk 
Roadrunner
Scissor-tailed Flycatcher 
Snow Bunting 
Turkey Vulture 
Water Pipit
Reptiles and Amphibians
Coachwhip 
Eastem Fence Lizard 
Lesser Earless Lizard 
Plains Black-headed Snake 
Westem Box Turtle
Insects and Spiders
American Hover Fly 
Digger Wasp 
Goldenrod Spider 
Green Valley Grasshopper 
Jumping Lynx Spider
American Kestrel 
Black-billed Magpie 
Burrowing Owl 
Cliff Swallow 
Eastem Kingbird 
Golden Eagle 
Homed Lark 
Lark Sparrow 
Long-billed Curlew 
Northern Harrier 
Red-winged Blackbird 
Sage Grouse 
Short-eared Owl 
Swainson's Hawk 
Upland Sandpiper 
Westem Kingbird
Common Garter Snake 
Great Plains Skink 
Many-lined Skink 
Plains Spadefoot 
Westem Hognose Snake
Brown Daddy-long-legs 
Early Tachinid Fly 
Green Lacewings 
Honey Bee
Malaria-carrying Mosquitoes 
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Bam Owl 
Bobolink 
Cassin’s Kingbird 
Common Nighthawk 
Ferruginous Hawk 
Grasshopper Sparrow 
Killdeer
Lesser Prairie Chicken 
McCown's Longspur 
Northem Shrike 
Ring-necked Pheasant 
Sandhill Crane 
Smith's Longspur 
Tree Sparrow 
Vesper Sparrow 
Westem Meadowlark
Com Snake
Great Plains Toad
Milk Snake
Red-spotted Toad
Westem & Prairie Rattlesnake
Digger Bees
Golden Northem Bumble Bee 
Green Midges 
House Mosquito 
Metaphid Jumping Spider
Mormon Cricket 
Paper Wasps
Red-blue Checkered Beetle 
Three-lined Potato Beetle 
Yellow-faced Bees
Butterflies and Moths
Acmon Blue 
American Painted Lady 
Buckeye 
Common Blue 
Eastem Black Swallowtail 
Gray Hairstreak 
Meadow Fritillary 
Orange-bordered Blue 
Pearly Crescentspot 
Red-spotted Purple 
Sod Web worm Moth 
Wooly Bear Caterpillar Moth
M ushroom s
Common Psathyrella 
Hemispheric Agrocybe 
Purple-gilled Laccaria 
Tumbling Puffball
Trees
Common Chokecherry 
Osage Orange 
Siberian Elm
G rasses
Blue grama
Needle-and-Thread
W ildflow ers
Arrowleaf Balsam Root 
Buffalo Gourd 
Cowpen Daisy 
Desert Plume 
Green Pitaya
Hooker’s Evening Primrose 
Indian Paintbrush 
Many-spined Opuntia 
Pasqueflower 
Prairie Gentian 
Prairie Star
Rocky Mountain Bee Plant 
Silverleak Scurf Pea 
Tahoka Daisy 
Velvety Nerisyrenia 
Wild Blue Flax 
Yellow Bell
Nine-spotted Ladybug Beetle Orb Weavers 
Pennsylvania Firefly Pyralis Firefly
Robber Flies Rose, Pea, & Potato Aphids
Toxomerus Hover Flies Tumblebugs
Acraea Moth 
Artichoke Plume Moth 
Cabbage White 
Common Checkered Skipper 
Eastem Tailed Blue 
Great Gray Copper 
Milkweed Tiger Moth 
Orange Sulphur 
Pipevine Swallowtail 
Silvery Blue 
Viceroy
Yellow Woolly Bear Moth
Fairy Ring Mushroom 
Japanese Umbrella Inky 
Shaggy Mane 
White Waxy Cap
Eastem Cottonwood 
Quaking Aspen 
Smooth Sumac
Buffalo Grass 
Westem Wheatgrass
Blackfoot Daisy 
Camphorweed 
Crazyweed 
Feather Peabush 
Gumweed 
Hoary Cress 
Little Golden Zinnia 
Mule’s Ear 
Plains Larkspur 
Prairie Mimosa 
Purple Groundcherry 
Sego Lily 
Snakeweed 
Texas Bluebonnet 
Westem Pink Vervain 
Woolly Loco weed
Alfalfa Looper 
Beard-grass Skipper 
Checkered White 
Common Sulphur 
Funereal Duskywing 
Greenish Blue 
Monarch 
Painted Lady 
Prairie Ringlet 
Sleepy Orange 
Westem Tailed Blue
Fried Chicken Mushroom 
Meadow Mushroom 
Smooth Lepiota
Honey Mesquite
Indian Grass
Broom Snakeweed 
Common Sunflower 
Death Camas 
Field MUkvetch 
Hairy Golden Aster 
Indian Blanket 
Locoweed 
Pale Agoseris 
Plains Wallflower 
Prairie Smoke 
Purple Prairie Clover 
Shrubby Cinquefoil 
Spreading Fleabane 
Vase Flower 
White Prairie Clover 
Yellow Bee Plant
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Shrubs and CactiCandelabra Cactus Fringed Sage Great Plains Yucca
Plains Pricklypear Prairie Sage Rabbitbrush
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Appendix 2: Selected Wildlife Species Associated with Black-tailed Prairie 
Dog Towns (from Big Dry Resource Management Plan, BLM 1995)
Leopard frog
M am m als Tiger salamander
Coyote Western toad
Striped skunk
Mink R eptiles
Long-tailed weasel Eastern short-homed lizard
Badger Sagebrush lizard
Raccoon Red-sided garter snake
Red Fox Prairie rattlesnake
Mule Deer Bullsnake
Pronghorn
White-tailed jackrabbit 
Desert cottontail 
Deer mouse
Thirteen-lined ground squirrel 
Pocket gopher 
Least cfipmunk 
Grasshopper mouse
B ird s
Golden eagle 
Ferruginous hawk 
R ed-t^ed hawk 
Swainson's hawk 
Marshhawk (Northern harrier)
Prairie falcon 
American kestrel 
Burrowing owl 
Great homed owl 
Sage grouse 
Mourning dove 
Killdeer
Common nighthawk 
Mountain plover 
Homed lark 
Western meadowlark 
Chestnut-collared longspur 
McCown's longspur 
Vesper sparrow 
Lark bunting 
Western kingbird 
Black-büled magpie 
Loggerhead shrike 
Brown-headed cowbird 
Savannah sparrow 
Bam swallow 
Cliff swallow 
Snow bunting
A m phib ians
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Appendix 3: Troubled Plants and Animals and Typical Species Found on 
Public Land in Montana's High Plains (from BLM Resource Management Plans
and Montana Heritage Program )
Mammals
black-footed ferret (E) 
gray wolf (E) 
swift fox (C2) 
big-eared bat (C2) 
black-tailed prairie dog (S) 
northern long-eared bat (C2) 
spotted bat (C2) 
lynx (C2)
meadow jumping mouse (S) 
fringed myotis (C2)
Merriam’s shrew (S)
Preble's shrew (C2)
northern bog lemming (S)
dwarf shrew (S)
hoyy marmot (S)
white-tailed prairie dog (S)
wolverine (S)
least weasel (S)
long-legged bat (C2)
masked shrew (S)
mule deer
white-tailed deer
pronghorn antelope
Rocl^ Mountain elk
Rocky Mountain bighorn sheep
Rocky Moimtain goat
coyote
red fox
striped skunk
badger
raccoon
long-tailed weasel
bobcat
muskrat
beaver
mink
black bear
bison
porcupine
white-tailed jackrabbit 
mountain cottontail 
desert cottontail
B irds
whooping crane (E) 
peregrine falcon (E) 
least tern (E) 
bald eagle (E) 
piping plover (T) 
mountain plover (Cl) 
ferruginous hawk (C2) 
long-billed curlew (C2) 
Swainson's hawk (C3) 
burrowing owl (C2) 
dickcissel (S) 
northern goshawk (C2) 
white-faced ibis (C2) 
common loon (S) 
loggerhead shi^e (S) 
Baird's sparrow (C2) 
LeConte’s sparrow (S) 
sage sparrow (S) 
black tern (C2) 
northern pygmy owl (S) 
northern saw-whet owl (S) 
long-eared owl (S) 
three-toed woodpecker (S) 
vesper sparrow (S) 
pileated woodpecker (S) 
olive-sided flycatcher (S) 
western bluebird (S) 
clay-colored sparrow (S) 
Brewer's sparrow (S) 
bobolink (S) 
eastern bluebird (S) 
merlin (S)
Cooper's hawk (S) 
prairie falcon (S) 
golden eagle (S) 
upland sandpiper (S) 
sharp-tailed grouse 
sage grouse 
Merriam's wild turkey 
Canada goose 
white-fronted goose 
tundra swan 
mallard 
pintail
blue-winged teal 
green-winged teal
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American widgeon 
gadwall
northern shoveler 
lesser scaup 
common merganser 
wood duck 
goldeneye
ring-necked pheasant 
roughed grouse 
blue grouse 
mourning dove 
snow goose 
field sparrow 
osprey
double-crested cormorant 
great blue heron 
gray partridge 
red-tailed hawk 
northern harrier 
common nighthawk 
poorwill 
eastern kingbird 
prairie homed lark 
bank swallow 
black-billed magpie 
piny on jay 
American robin 
mountain bluebird 
bohemian wax wing 
house sparrow 
western meadowlark 
yellow-headed blackbird 
red-winged blackbird 
Brewer’s blackbird 
lark bunting 
American goldfinch 
chipping sparrow
F ish
pallid sturgeon (E)
paddlefish (C2)
pearl dace (S)
shortnose gar (S)
sturgeon chub (Cl)
sticÛefîn chub (Cl)
northern redbelly x finscale dace (S)
blue sucker (C2)
westslope cutthroat trout (C2)
plains minnow (C2)
carp
golden shiner 
creek chub
northern redbelly dace 
Flathead chub
sturgeon chub 
lake chub 
emerald shiner 
sand shiner 
brassy minnow 
western silvery minnow 
Flathead minnow 
longnose dace 
river carpsucker 
smallmouth buffalo 
bigmouth buffalo 
shorthead redhorse 
longnose sucker 
white sucker 
mountain sucker 
stonecat
brook stickleback 
Iowa darter 
freshwater drum 
northern pike 
channel catfish 
burbot
white crappie 
pumpkin seed 
sauger 
walleye 
green sunfish 
bluegill 
crappie 
rainbow trout 
largemouth bass 
yellow perch 
brown trout 
brook trout 
mountain whitefish 
river carpsucker 
lake trout
shovelnose sturgeon 
goldeye
Amphibians
wood frog (S)
Dakota toad (S) 
tailed frog (C2)
Reptiles
plains hognose snake (S) 
western spiny softshell (S) 
milk snake (S) 
common snapping turtle (S)
Plants
Barr milkvetch (C2) 
dwarf woolyhead (S)
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slender-branched popcorn flower (S) 
roundleaf water-hyssop (S) 
long-sheath waterweed (S) 
scarlet ammania (S) 
begger-tick (S) 
hotspiings phacelia (S) 
prairie aster (S) 
alkali mükvetch (S)
geyer milkvetch (S) 
tall begger-tick (S) 
bittersweet (S)
Schweiniiz faltsedge (S) 
blue toadflax (S) 
bractless blazing star (S) 
persistent sepal yellowcress (S)
(E) = listed as endangered
(T) = listed as threatened
(Cl) = category one for federal listing
(C2) = category two for federal listing
(C3) = category three for federal listing
(S) = Montana species of special concern (whose numbers or habitats may be limited in the 
foreseeable future)
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Appendix 4: Permittees in Montana’s High Plains Public Lands*
BLM Resource Area Permitteesf Animal Unit Months
Judith/V alley/Phillips 921 452,380
Big Dry 1,018 353,160
Powder River 707 208,083
Billings 329 62,437
Havre 279 108,355**
Great Falls 157
Headwaters 198
Total 3,609 1,184,415
*from BLM and USFWS per. comm.
** for Havre, Great Falls and Headwaters combined 
t  average public land allotment size in Montana is 2,217 acres
Refuge
Charles M. Russell
Permittees
87
Animal Unit Months 
60,118
Appendix 5; Revenues and Expenditures from Public Land Grazing
BLM District 
Lewistown
Grazing Revenues 
$415,774t
Mües City $1,051,000*
Total $1,466,774
Direct Grazing Expenditures
$892,000 (overall range mgmt.)* 
$826,000 (range betterment costs)* 
$620,000 (riparian mitigation costs)* 
$2,182,813 (subsidized grazing fee)**
$853,(XX) (overall range mgmt.)* 
$463,000 (range betterment costs)* 
$462,557 (riparian mitigation costs)* 
$6,568,750 (subsidized grazing fee)**
$12,868,120 ($8.77 per dollar received)
* USDI, BLM 1994 figures (per. comm.) 
t  USDI, BLM 1991 figures (per. comm.)
**[subsidized grazing fee based on fair market value of $10 per AUM]
Refuge Grazing Revenues Direct Grazing Expenditures
Charles M. Russell $106,830 $500,000 (overall range mgmt.)#
# USFWS, 1995 figure (per comm.)
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Appendix 6: Components of a Reserve Design (Noss 1992) 
Representation
In order to preserve the complete biodiversity of the United States, it is necessary to 
maintain a full array of physical habitats and environmental gradients in reserves, from the 
highest to the lowest elevations, the driest to the wettest sites, and across all types of soils, 
substrates, and topoclimates. Representation of all ecosystem types is the first step toward 
maintaining the full spectrum of native biodiversity in a region. This is not museum piece 
representation of natural wonders or curiosities, or representation of only one ecosystem 
type (like most high mountain wilderness areas); this is representation to assure complete 
biodiversity. Representation is one of the most widely accepted criteria of conservation.
As an example, delegates of 62 nations at the Fourth World Wilderness Conference in 1987 
unanimously approved a resolution to preserve "representative examples of aU major 
ecosystems of the world to ensure the preservation of the full range of wilderness and 
biological diversity."
Viable Populations
Simply representing a species in a reserve or series of reserves does not guarantee that it 
will be able to persist in those areas (or anywhere) indeRnitely. The representation 
objective must be complemented by the goal of maintaining viable populations of every 
species. Population viability is a central concern in conservation biology. A viable 
population is one that has a high probability (say 95% or 99%) of persisting for a long time 
(say 100 to 1,(XX) years). Population viability analysis is complex, with estimates 
depending on the mathematical model used, its assumptions, and values used for key 
population parameters such as population density and birth and death rates. With a few 
interesting exceptions, viable populations are generally on the order of thousands of 
individuals. Concerns about population viability shoidd be directed toward species at most 
risk of extinction in a region. Vulnerable species typically include those with small 
populations (limited or patchy distribution or low density), large home ranges, poor 
dispersal abilities, low reproductive potential, as well as those subject to exploitation or 
persecution or dependent on habitats that are themselves rare or threatened. For a regional 
wilderness recovery strategy, large and wide-ranging carnivores are ideal primary target 
species for reserve design. Some general principles for managing landscapes for 
vulnerable species are emerging:
(1) Species well distributed across their native range are less susceptible to extinction than 
species confined to small portions of their range.
(2) Large blocks of habitat, containing large populations of a target species, are superior to 
small blocks of habitat containing small populations.
(3) Blocks of habitat close together are better than blocks far apart.
(4) Habitat in contiguous blocks is better than fragmented habitat.
(5) Interconnected blocks of habitat are better than isolated blocks; corridors or linkages 
function better when habitat within them resembles that preferred by target species.
(6) Blocks of habitat that are roadless or otherwise inaccessible to humans are better than 
roaded and accessible habitat blocks.
Maintaining Ecological and Evolutionary Processes
One general theme of ecosystem management is that process is at least as important as 
pattern. In other words, our concern for maintaining particular species, communities,
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places, and other entities must be complemented by a concern for the ecological and 
evolutionary processes that brought those entities into being and that will allow them to 
persist and evolve over time. Fundamental processes critical to ecosystem function include 
cycling of nutrients and flow of energy, disturbance regimes and recovery processes 
(succession), hydrological cycles, weathering and erosion, decomposition, herbivory, 
predation, pollination, seed dispersal, parasitism, disease, and many more. Evolutionary 
processes, such as mutation, gene flow, and differentiation of populations, must also be 
maintained if the biota is to adapt to changing conditions.
Allowing For Change
Long-term (decades to millennia) change occurs largely as a result of changing climate.
The response of plants and animus to climate change over time has primarily been to 
migrate with shifting climate zones. Communities did not migrate as intact units, however. 
Rather, plants and animals migrated at rates and in routes that were highly individualistic. 
The conservation strategy of maintaining all physical habitats (soil types, slope aspects, 
etc.) and intact environmental gradients, with corridors or other forms of connectivity 
linking habitats across the landscape, is perhaps the best way to accommodate change 
without losing biodiversity.
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